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ry ling . & orter, td., 
A 


— 9037 
S team 
Road Rollers & Tractors. 


umford, LL: 


CULVER STREET WORKS, COLCHESTER. 
Ow ApMIRattTy amp War OrFice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, pages 31 and 81, last week. 


PATENT wir TUBE BOILERS, 
UTOMATIC FEED REGULATORS, 


And pabers Machinery as supplied to the 
Admiralty. 2 








J ohn H. W itson&Oo.,Lta.,|' 
Birkenhead. 


See Illustrated Advertisement Page 160, Jan. 28. 


Locomotive Shunting Cranes 
Steam and Eiectric Cranes, 


BXCAVATORS, CRANE-NAVVIBS, GRABS, 
CONCRET BRS 


SHIPS’ WINDLASSES, WINCHES, and 
DECK MACHINERY. 


Lists oF STANDARD S1zEs8 ON APPLICATION. 
London Office: 15, VICTORIA STREET, 8.W. 1. 











Tar Giaseow RoLiine Stock anp PLant Works, 


Hut. Nelson & Co., Ltd., 

Builders of RALLWAY CARRIAGES, oo 

ELECTRIC CARS, and EVERY OTHER DESCRIPTI 

or RAILWAY and TRAMWAY ROLLING STOCK, 
Makers of WHEELS and AxLes, Ratuway Pant. 

Poxreines, Smrrm Work, LRon anp Brass CasTines, 

Presssp Stexi Work OF aLL Kinps, 

Registered Office and Chief Works: Motherwell. 

Lon ion Office: 14, Leadenhall Street, B.C. O0d338 


& Donald Ltd., Machine 


(rig ¢ MAKBRS, Geumrene, near Glasgow. 
a a of Hoon ‘ools a Illustrated 
4 CHANTIERS & ATELIERS 

i ormand 


Ae 


67, rue de ye HAVRE 
Destroyers, Boats, ¥ Yachts and Fast Bute, 
Submartse and Submersivie Roses: 


soumenDe Patent Water-tube nes Coal or O11 
Heating. Diesel Oil Bogines. 
ectric 


» Bigesrin., Litt 


8. H. HEYWOOD & 0O., LTD., 














_ DISH. 

eam Hammers (with = or 
, ithou 

TOO 3 tor 88 SHIP PBULLD EES 1 & BOLL MSAK 


Dav VIS & PRIMROSE, Livrrep. inti Sisiiiaeer 


Brett’ s Patent ] piter C1 


fi ammers, Presses, Furnaces, 
COVENTRY. 


BE ever, Dorling & Co., Ltd., 
BRAD 
Bi HOLASS BNGINRS POR ALL 

7 ar PO ae ne Com 1896 


C ranes.—Eleéctric, Staam: 
‘ HYDRAULIC ana HAND, 


of all t sizes, 
GRORGE Tussah &co., Lrp. ies 
Benerwel, Spe. 


aa 
W 8 dlese-Steel fick 














179 t ac 


arrow & ©o.,. Ltd., 
SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


.¢ 


Rod les Limited; 
y WATHE HEATERS 


CALORIFIBRS, BVAPORATORS, > . 2°W® 


PATENTS. 





Y atrow ‘Patent | 
A 1 tonto Boilers. 








hts, Launches or Barges 


Built complete with Steam, Oil or Pre | 
or Machinery supplied. Od 3551 


VOSPBis cu., Lep., Broap Street, Poursisourn. 


MULTITUBULAR AND 
(Cochran ROSS-TUBE TYPES. 


“Ppilers. 
See page 17, August 26. 9108 


Filectric (rs2ee: 


8. H. HEYWOOD & COo., LTD., 
aL = 


Drop Forgings 


GARTSHBRRIE ENGINEBRING & FCRGE OO., 
50, Wellington Street, Glasgow. 9614 
Time Recorder, as New, 


guaranteed, latest model. WHAT OFFERS ? 
—A.@. SDELLEY, 149, Farringdon Road, B.C. 1 es 


CHARTERED 
S. S Okal, pxtunr AGENT, 
1, Great James Street, Bedford Row, London, W. 2 1, 
tT. N. 4515 Museum. 9674 














Nank Locomotives. 
Specification and Workmanship equal to - 
Main Line motives. 
R. & W. HAWTHORN, LIE & CO., Lrp., 
ENGIncERs, NEWCASTLE-ON- TYNE. 9% 


Hyzcavators. 
FROM 50 TO 600 YARDS PER HOUR. 


D, Whisk 


be Union Street, 
LEICESTER. 








SS SPMNOL - ng A Lrp., 
Parliament Victoria St.. London, 8.W. 


GOLD MIDAL Levoraoes BXHIBITION-AWARDED. 
uckham’s Patent Suspended 
WRIGHING MACHINES.—BAST FERRY 
ROAD yet he rot WORKS COMPANY, Lrp. 
Loxpon, E ahs raulic Cranes, Grain Blevators, &c. 
Tilus, Advt, last week, page 15. 8902 

(esha WANT 


(Iron). — Orders 
D f weight and size kshi: 
Tawi sachined. “i necesary, —Adiress, = 9663, 
ices of ENGINEERIN 


J. Davis; M.L Mech.E., 














1794 
Fine aie Sl. Tele—Andrubo, Holb.. London. 


gustioes © Repent is 
ho 


2, Southampton Buildings, London, 
Iron and Steel 


abes and 


Sole Licensees om pee for the mannfactare 
of “ Armco” See: Resisting _ 


The Scottish Tube Co, Ltd., 








‘ittings. 











oR ESE BERRA one a 


7 7 t a , 850, 1000, 1200 HP, 

. “Spencer FY opr w ood Fatent a lent condition.” Dy 2 mamoe {or a for above 250 or 600 
y ts, 

Boilers. Aug. 26.'| Also 2-600 Kw PARSONS: TURBINE, Salts 2 260 o1 or 


92493 | 500 Volts, D.C., with Condenser and s 


AREH 

MANCHESTER WAREHOUS Deanseare. 

CARDIFF WAREHOUSS—132, Bure Sr. 

a WAREBOUSE—Nuz Srreet, 
HEE 


See Advertisement page 26. 9091 


K ONAL SHALLOW D CONDENSES, AIR HEATERS rssrs. YARROW 5 eS began nay ine 

Repairs on Pacific Coast | ™=ll™ Piet TWId BERAINERS tor. Famp rgssiNg ana MAGH ISIN the Steams Drume, Water 

by YARROWS, LIMITED, Victoria, ee SYPHONIA STEAM T REDUCING VALVES | Pockets, and ee for British Fda and’ Foreign 

Columbia. GUNMMPAL STMAM ¥ Gs. Firms not Me Dag? necessary facilities, 
Suryivithins, Out Bavarmmad am Watcsaree, ATER SOFTENING and FILTERING, 5723 YARROW & Lrp., Soorstoum, GLAseow, _ 
(Sampbells & He: I td, [tubes and Fittings, aj ohn Belay | imited, 
eed a: rh MILLWALL, LONDON, 8. 

SPRCIALISTS IN agen ts and I loy d 8, | td., General OonstauctionaL BN@rreEns, 1216 

Drillers & Boring Machinery - OSWALD.6T~ GLASGOW Boilers, Tanks, & Mooring Buoys 

RECAP STRBET CHAMBEKS, BIRMINGHAM, STriL1s, tag, ~ 2 BT, Receivers, STEEL 

for Engine Works and Boller Shops. a6 LOBDOS © OFFICB— S = : ay and ome 

POUR FoumDAT, Lampe. wi |ontuy'Wrenisuaucer aL Smee RE: | rm Herre Geetrome Meranw r 
LIVERPOOL WA OUSE—63, ParapisE 8r. 





RAILWAY AND TRAMWAY ROLLING STOOK.: 


Hz Nelson & (-» T. 


Tue GLaseow — Srock aNp PLarT bo 
MorTHERW ELL. 





ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


J 





London Office; 101, LkapENHALL Sr., 5.0.3. 
Werks: Bunrr M11, near Ww, x. 
Ketrgerata ont D Distilling Plants 

Ret in and Ice Z Machinery. 
a eaters, 

Water Distillers. 

Main Feed Pum 

Combined Ciroulating and Air Pumps. 

Auxiliary Surface Condensers. 

&c. &e. 9604 
ocomotive raversers 
4 (BLEOTRIO), 


8, H. eae & OO., LTD., 
DISH. 


[the Caner Railway 
Engineering | Company, 


Lendon Office—13, Vitor ree, sw.” 





RAILWAY CARRIAGE, WAGON & TRAMWAY 
EELS LES. 


H & AX 
CARRIAGE & WAGON oy AA also 
CAST-STEEL AXLE BOXES 9241 





©€'B pyarePecumatic ASH Ejector, 
SS on of labour, No noise. No dust. No 


ed 20 pda Fala A . 
¥. 4. THNWANT & ROOTOR, Lx Naval Ars 


See ter Bidgs., Billiter ees. 


Dice! Engines, Six Cylinder, 








pRLBOERICALLY DRIVEN AIR OOM. 
BSSORS, 250° Volts, D. Pressures 1500 to 
S000 Tbe. per square jaan ; 
JBNNINGS, A 
West Wall, Newcastle-on-Tyne. 8888 
(Shimney G batts 
aerree ~~ ERECTED or REPAIRED 
by Chimney Experts: 


Enquiries Pita Ane ‘Write, phone. call or wire— 
CUSTODIS LTD., 
119, Victoria Street, London, 8.W.1, 








H=4 Wrightson & Co. 


LIMITED. 


_— 


See Advertisement page 69, August 26. 2402 


(Tylor & (Shallen 


Presses 
8196 


LARGE STOCK of NEW PRESSES now on view 
in our Showrooms, Constitution Hill, 


TAYLOR&CHALLEN,L»p., Engineers, Binminenam, 
See Full Page Advertisement page 60, Aug. 19, 








poss Miitthew paul & Co. L 


Levenrorp Works, Dumbarton. 9518 
See Full Page Advt., page 74, Aug, 19, 


Wareoop-Oris 
Lirts. 





& 85, Ferrer Lane, LONDON 
& 63, = grax, Ene 
and Prineipal Provi 


Pilectric 


8. H, HEYWOOD. & OO., LTD., ; 
REDDISH. 


(F,rephited Lubricants. 


GaRapHITED 
WATER. 


OIL. . 
r OILDAG mt ie AQUADAG” ” 


Reg. Bua: 
“ GREDAG : 


Gaapuiten G 


E.G. pews Es ‘ 


Dept. as bogs Manufacturers.) Phin 24 
40, Woop &t YMOUTE. 


saatnainiba University 





r] wansporters 














RAILWAY IRONWORK, BRIDGES, ROOFING, Ae. 
Chief Offices: 129, Trongste, Giiscew. Od 8647 


eolepeame’ 1-178 19 Victoria. Sintaité beisage,” 9548 x TUTORS,” 3 2, Ontord Toad 
@) a 1.M.K. Courses. 
Cee and z Chains hs w o| ene vf a oN ooel 
and Orab Wintehes. pur & Bevel Gear Generating 
ag Wy pial bere in. and 
vie Bh sees bane Oa teats, | Gon SP in, ahoagt Me — — 
156 | MATTERSON , LIMITED, Shawelongb, Fitochdale, 
P. & W. MacLellan, Limited, mie Steam 
OLUTHA WORKS, GLASGOW. *% & Pneumatic Power 
nalLwar. Hammers 


Drop nya Plant 








Hap Orrics: 34, Robertson Street, Giasgow. 
See Advertisement page 86. 








Reged Sees Sate Katte,  Prnoss m. 





B. & 8. na 
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[the Manchester Steam Users’ 


For the Geiaiant of ape Boller Bxplosions and 
for the attainment of Beor in the Application 
of Steam. 9, en STREET 

Ohiet Hogineer: 0. B. STROMBYER, M LOB. 

Found oo Wits F 

Noe menage dey of aletyinsued oe te 
Worksho) ool aeplosion 
and Lia! teles | aia i in case 
and Boilers inspected during colieash. 


niversity of Glasgow.|? 


JAMES WATT CHAIRS IN THE DEPARTMENT 
OF ENGINEERING. 


Court will, during the course of 
‘erm beginning ist October, 1921, 

00! to the APPOINTME of a James Watt 

ROFESSOR of BLECTRICAL BNGINEERING, 
and a James Watt oy ig the we the THEORY 
and PRACTICE of HBAT ENG 

Information regardi me Obaire my be obtained 
on application to the SRORETARY of the Univer- 
sity » University of Glasgow. 


19th __ 39th August, , 1921. 
Cry (\rystal Palace School “of 
Founded 1872. 


ea A Bn omteg 
Bg ay , MLC H., M,1.Mech.E. 
Seuss wall commence on woe “y, 


he New 
iectomber 14th, 

Regent 
REBT, W. 
SCHOOL OF ENGINBRRING. 


[the Pol ytechnic, 
ent of School :— 
The Hon. Sir Cuaries Parsons,  gaamnae M.A. 
L.D., D.Sc., F.R.S., 
Head of A a Poa 
Henry J. §poonern, M.I.Mech.E., M.I. Auto, K,, 
M.Inst.0.8., F.G.S8., ete 
The DAY DEPARTMENT re-opens on September, 
20th, 1921. Hntrance Examination, September 13th 


at 16 0 — 
Year DIPLOMA COURSES in 
wa TAMIOAL ENGINEERING, ELECTRICAL 
EN BRING, MOTOR CAR ENGINEERING, 
OLVIL PBNGUN BE! ING 

Practice in the Laboratories, Drawing Office, 
Workshop and Field. 

Fee, 21 Guineas efi annum, 

The BVENING DEPARTMENT re-opens on 
September 26th, 1921. Students enrolled from 
September 14th, 6 to 8.20 p.m. 

my Prospectus of Day 


HDUOATI 


. 9310 





The Universit 
the University 








or Evening Depart- 
Ox. patd, from the DIR& rae 4 





he Concrete Institute. 


AN INSTITUTION FOR STRUCTURAL 
ENGINEERS, ARCHITECTS, ETC. 


EXAMINATIONS for Graduateship and Ascociate- 
Membership will be held in Lendon, Salford, 
Edinburgh and Cork, on 20th and 2ist October, 1921. 
Forms o aot application and full particulars from the 
SECRET Concrete IngrituTe, Denison 
House, 296, Vauxhall Bridge Road, London, mais 7 


niversity of Birmingham. 
PACULTY OF SCIENCE, 


ENGINEERING DEPARTMENTS. 


apg | ENGINEERING. 

Chance Professor; F. W. Burstatt, M.Sc os 
MLA. ae ~ My Inst.C.B., M,Inst.M.E 
vectarer ¢ Porter, M,8c. (Vict. ). 

A.M. Inst.C.8. 


Demonstrator: 8. J. Buss, A. ¥. 1.0,B. 

Legturer on Machine Design ;: F. H. Bopsn, 

Assistant Lecturer on Machine Design ; Heney 
Baker, B.Sc. 


Il,—CIvi, ENGINEERING, 
Beale Professor: Freperick OC. Lea, M.Sc. 
D.8e, (Lond.), A.M.1.0.E., A.R.C.8. 
Lecturers: R. C. Panton, M.8e. 
R. BK. Strapuine, B.Sc., A.M.1.0.E. 
H, W. Cours, B.Se. 
Lecturer on Town P Planning: W. Harwoon. 


IlI.—E.LxcrricaL BNGINEERING, 
Professor: Wrurtam Cramp, D.8e. - 
Leeturer: B. J. Kreps, M.Sc., M.Inst.B.B. 
Assistant Lecturers and Demonstrators: 

O. R. Ranpatt, B.Se. 
&; Vickars, M. Bog 
G. M, Harve ng; 
varie FUL COURSES BETEND OVBR YOUR 
students he — after Matricula- 
tion and poss successfull 
end of each year will 
ert OF BACH 


vite “ausi0x 


3rd, 1921. 
2 ease "Syllabus of the Faculty, with full 
culars of University Regulations, ture and. 
sakeenters +e Rage me: ‘ees, etc,, apply a h—- 


[= ©. ion “Exams.—Successes 
as usual last Bam. = “ap yen ws Coach- 


inf;.. Gecees Suceesses oe eB sees bean. Bec. 
— 
ces of | dare INEERENG. 


OR OF SCIENCE 


Addiens, 1404 1434, © 
orrespondence Courses for 
ee ats "Spacial Cou B., all ENGI- 
NiwniNe Ns. eh ty = and le 


rca avoee raaienl & Bor 
Con ace 


hea C.E., I. ak "a. B.Sc,, | Brospee 
ENOWLaS, os, nee Me A ns.—Mr, G. P, 
a R.San.I., PREPAR 


at ADIDAS erect F.8, 3 |" 
by correspondence. 


Hundreds of 
0 geene 
= ve May commence at Be alos vations’ 


neter, S.W. Victoria. 9649 


p-to-date Tuition for 
Inst, O.B., I, Mech. B., and other Exams. ae 


UR old sed oer ears ex 
scare fa ce a 








in 
1921-22 COMMENCES on} 





TYNE IMPROVEMENT COMMISSION. 


TENDER FOR TAR SUPPLY OF 
TWO CORNISH MOLTITUBULAR BOILERS 
FOR THE NEWCASTLE SWING BRIDGE, 


The Tyne Improvement om nae are prepared 
receive 


[renders for’ the Suppl 


DELIVERY of TWO COR and 
oe BOILERS for the Newcastle Swing 


ridge. 

Oeics of the Form of Tender, Conditions of 
Contract and § fication may be obtained on 
application to the undersigned on payment of a 
* it of £1, which will be returned on receipt of 

fide ‘Tender, Tenders, in sealed envelopes 
oaherees on cover “ Tender for Boilers,” must be 
addressed to the undersigned and delivered not 
— than Noon, on Wednesday, September 14th, 


The Commissioners do not bind themselves to 
accept the lowest or any Tender. 


By Order, 
J. McD. MANSON, 


THE YORKSHIRE ELECTRIC POWER 
“t COMPANY; ~ 


VACANCY FOR RESIDENT STATION 
ENGINEER, p 
A®P plications are Invited for 
the POST of RESIDENT STATION ENGI- 
NEER at the Company’s Thornhill Power Station 
which will shortly become vaeant. Salary, £524 per 
annum, Applicants must have had good practica 
and theoretical traini 
Address, R 839, Offices of ENGINEERING. 
REBRARCH DEPARTMENT. 
ROYAL ARSENAL, WOOLWICH. 
DIRECTORATE OF RADIOLOGICAL, . 
RESEARCH. 





ASSISTANTS II. . 


Rea quired, One Physicist 
or Electrical Baqiners, with physical 


Siting, bag should uate with 





General _ = r and Secretary. 
Tyne Imupeovemest Commission Offices, 


Newcastie-upon-Tyne. 
30th August, 1921. sectten R 938 


THE SOUTH INDIAN RAILWAY COMPANY, 
LI MITED. . 





The South pony Railway Company, Limited, ' 
to teceive 


rflenders | for © the Supply of :— 


qa) — PLATES for motive Fire- 


2) vOLUTE and HELICAL SPRINGS. 
} STEEL BOILER PLATES. 
(4) WHEELS and AXLES. 

Specifications and Forms of Tender may be 
obtained at the Companys Offices, 91, Petty France, 
Westminster, 8,W 

enders ene to the hy and Directors 

of the South Indian Railwa ny, Limited, 

marked “ Tender for Copper ‘atone or as the case 

may be, must be left with the undersigned not 

later than Two p,m. on Wednesday, the l4th 
September, 1931, 

RT Pe. whieh will not be returned, will be 

for each copy of Specification. 

Bovis of the Dros ings may be obtained at the 
Office of Mesers, RopenT Wits & PARTNERS, 
Consnliing Bugineers to one Company, 3, Victoria 

Street, Westminster, 5.W. 
A. MUIRHRAD, 
Managing Director. 
91, Petty France, S.W. 1. 


30th August, 1921, R 943 
COUNTY BOROUGH OF WALSALL. *: 
ELECTRIC SUPPLY DEPARTMENT. 

TENDER FOR CAST IRON PIPES. 


The Electric Supply Committee of the Walsall 
Town Couneil invite 


enders for the Supplyin 
and LAYING of about 300 tons of CAS 
IBON PIPES, 12 in. and 26 in. diameter, and for the 
SUPPLY ONLY of about 20 tons of CAST IRON 
PIPES, 24 in. diameter. 

The drawings, specification aud Form of Contract 
can be seen, and Bills of Quantities and Form of 
Tender obtained at the office of the Consulting 
Engineer, Mr. E. M. LACKY, 12, Victoria Street, 
Westminster, on and after onday, 5th September, 
on the 4 t of for £3 which wfll be 
returned on receipt of a bona fide Tender. 

Coples of the drawings and specifications ma 
also be seen at the offices of Mr. H. A. HOWL 
Bo a Manager Blectric Supply Department, 

verham pton Street, Walsall, 

The Committee do not bind themselves to accept 
the lowest or any tender, and the Contractor whose 
tender is accepted would be required to enter into 
a formal contract with the tion for the due 
performance of the work s ed. Such contract 
Pap include the Corporation’s usual clause ensur- 

Infie diste of the standard rate of wages current 

a district. 
ed Tenders are to be delivered to the under- 
aaene at the Council! House, bnagpen 9 








‘| Noon on Monday, 26th 


September, en 
‘trie Su Committee—Tender for Gast Iron Pipe— 
Water n Contract, No, 18.” 
' HERBERT LEE, 


Town Clerk. 
Council Fence, 
: September, 1921. 


APPOINTMENTS OPEN. 
UNIVERSITY OF BRISTOL. 


A ssistant Lecturer in Engi- 

NEERING, gate —For _——— and 
form of application, send stamped a: fools- 
cap envelope to the REGISTRAR, Marchant Ven- 
as A, College. R 


THE YORKSHIRE MPASY. POWER 
Y acan: for Power Station 

MAI 2 ENGINEER. Salary, 
one ann peg Applications should state training 


end experience. 
_ Addregs, R 840, Offices of ENGINEERING. 


R 950 








Sing 
a Bi O'v? os Engineer Required 
by the GoVeRwMENT or a Kone 
an Assistan 


¢ Engineer in 4 
mt np = Daesarewe for three, years, 


ency. Salers OF i iteee, 
rising A onenal ¢ ineremente of £20. jf 
annum. passages and rent allowance in wv 
e with Soverament unger 

mY 
, and bave 

oF cbtalined an saeivetoct Cnleereli a 
must be regulari 


= on he well ae land a |i 


design and 
oe ‘ks .—, 





854 | suitable “‘man.—Addr 


| rate 





he qualification of or equivalént 
to aa A fnet. P, 


Initial sa! £250 and bonus (total emoluments 
after len, § tod eryeetuapely £456). 

Annual! leave, six weeks. 

Applications in writing, with co; 
monials and reference toan ny publish 
be made to the CHIH SUPERINTENDENT, 
RrseakCH DEPARTMENT, Royal Arsenal, Woolwich, 
from whom the ednditions of employment ma be 
obtained, 897 


essrs. Bertrams Limited, 
St. Katherine’s Works, Sciennes, Edinburgh, 
REQUIRE the SERVICES of a t op 
a and Energetic MAN to superv 
shop. Applicants must have held similar ‘positions 
of ~ Se bility and ey have thorough oem 
of modern th production. 
Experience iu Pa nen Machinery an advan- 
.— Apply by letter only, stating age and full 
experience with copies of recent testimonials. 


R929 
(Com 
R 


etent Electrical Engineer 
UIRED for large E.H.T. Power Station 
in the Hast, to take c e (under Superintendent) 
of entire maintenance of Switchgear, Alternators, 
&c. Liberal salary and allowances. Three years’ 


careemnent 
dress, R 856, Offices of HwGINEERING. 


Piectrical Engineer Required 
with Rolling Mills and Blast Furnace ee. 
ence. Good mechanical knowledge necessary i 
full ae 7 vemeniond and prectical experience, 
also state ary required to the Secretary, 
CONSRIT RON y 00, LTD.,co. Durham. R 821 


(\eneral) Foreman Moulder 

WANTED totake charge of large Iron Foundry, 
making castings up to 30 tons weight, comprising 
green and dry sand, loam moulding and coremaking. 
Applicants must have held similar sitions of 
responsibility, be used to the successful control of 
men,and have good knowledge of up-to-date foundry 
practice including piecework systems. A ae per 
which willbe treated in confidence, should state age, 
experience (in full), approximate salary required, 
oe be aecompanied by copies of recent testimonials. 

Address, R 859, Offices of ENGINEERING, 


(Yommercial Structural Engi- 
NEER REQUIRED, totake charge of London 
Office of large Constructional Engineers manufac- 
turing stee! framed buildings, roofing, — work 
and bridge work, etc. Must have rience 
in this class of work, and able to secure = ers and 
take control of staff, preparing designs, estimates 

= tenders, and outside representatives. State 
rience, and salary required in strict confidence. 
Address, R934, Offices of ENGINEERING. 
mmercial Engineer (23 to 
engineer WANEE> — ~~ ar firm in 
eerin, cia ay ust have good = 

Te Se e, experience and salary 

quiet, wat ad ¥ 904, Offices of BNotrcnino. 


Hiectrical Engineer Wanted 


for Blast Furnaces. Intimate knowledge of 
Turbo Generating, Turbe Blower and General 
Electrical Plant essential.—Ap ply, giving full 
iculars and state remuneration required, to 
HE DALMBLLINGTON IRON CO., Lrp., 
Dunaskin. R907 


]°~: Cost Clerk Wanted, 


must be able to read and extract mesérial 
_ Loco. Drawings. No others need 

experience and salary requi 
BAGNAg L, Lrp., Stafford. 


es of testi- 
work, should 





ical 























ah State 
mm So Ga. 
tafford Win oni 


Jroreman » Moulder Wanted for 


the Loam Moulding section of large Iron 
Foundry. Ap _— must have bad first class 
experience in this class of moulding, and sale those 
who have held similar position ¢ sewhere will be 
considered. The ition is a permanency to a 


ress in wri Funda see; 
oO 


experience, and salary required, 
o Engineerin 
a3 L, gging to the — Super |Z 





ENGINEERING. 

tendent of the FeprraTep MaLay States 
GovERNMEST fenwaze REQUIRED for three 
years’ seryice in the first instance with grmesse 
permanency. Salary $600 per month, rising to 
annual Geepousente of $265 a month, plus 
a strictly temporary and non-pensionabie allowance 
of 16 cent. of substantive salary for _— men 
and r cent. for married men. he Government 
saahonge is now 2/4 to the dollar, but the 
; value of the dollar in Malay is at nt 
consid 5 “less than one v4 in J — 
per | Kingdom:) Free es, f married, for wife 

and children, not exeeedin, 


four persons. 
, not over 33 years of has preferab] 
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DIRECTION-FINDING WIRELESS. 
By J. J. Bennett. 


DiRECTION-FINDING wireless, which came into 
use for naval purposes during the war, is now being 
applied to the service of the mercantile marine. 
The system has been adopted by France, America 
and Canada, each of which has a number of stations 
in operation. So far as the United Kingdom is 
concerned, the Admiralty intend to maintain their 
direction-finding stations at the Lizard and at 
Carnsore Point. The stations at Flamborough and 
Berwick will also be retained until the end of the 
year. After that their continuance is uncertain, 
unless some other authority takes them over. 
As a fee of only 5s. is charged for giving a ship 
a bearing from one of these stations and the great 
value of them as an adjunct to navigation has been 
proved on many occasions, it would be regrettable 
if any of those established on our coasts had to be 
dismantled because nobody would undertake their 
upkeep. At the moment it seems probable that 
this is what will happen. 

The principal use of direction-finding wireless 
as an aid to navigation is in enabling the bearing of 
a vessel in open waters, or when approaching 
pilotage waters, to be determined from one or more 
fixed points. When the bearings from two or more 
fixed points are obtained simultaneously the position 
of the vessel can be located by the intersection of 
the bearings. All bearings thus obtained by 
wireless telegraphy are the Great Circle bearings 
at the place where the bearings are observed. 
This means that in some cases, which will be 
explained later, the vessel will require special 
charts or special tables of correction. Independent 
of technical systems, there are three types of 
direction-finding wireless which may be employed 
as an aid to the navigation of ships. These are : 
(1) The direction-finding station type, in which 
a vessel transmits by her ordinary wireless installa- 
tion to a fixed station, or stations, on shore that are 
fitted with directional wireless apparatus. The 
shore station determines the bearing and transmits 
it to a ship in the ordinary manner. Two or more 
stations may be grouped to determine simul- 
taneously the bearing of the vessel from each 
station, and the intersection of the respective 
bearings, as transmitted’ by ordinary wireless 
telegraphy to the vessel by the master station of 
the shore group, enables the position of the vessel 
to be ascertained. In this case the responsibility 
for the accuracy rests with the station, and the 
vessel herself requires no special direction-finding 
apparatus. 

(2) The beacon station type: In this the vessel 
is fitted with direction-finding apparatus by means 
of which the relative bearing of one or more ordinary 
fixed transmitting stations can be determined 
and the vessel’s position located by the intersection 
of the bearings. These are necessarily obtained 
relatively to the ship’s course at the time and are 
corrected accordingly. Any known ordinary wire- 
less telegraphy station may be used for this purpose, 
or, preferably, certain stations known as beacon 
stations may be directed to transmit simultaneously, 
or successively, pre-arranged signals on certain 
wave-lengths at definite times during each hour. 
Under this system the responsibility for the accuracy 
of the bearing rests with the vessel, which must have 
@ special direction-finding apparatus on board. 

(3) The directional transmitting station type: 
In this method a rotating directional wireless beam 
having a fixed angular velocity is transmitted by 
a specially-fitted fixed transmitting station. The 
rotating beam, which swings round in similar 
fashion to the revolving beam of a lighthouse, has a 
sharply-defined zero position which passes through 
north and south at given times. Knowing the 
angular velocity of the beam, and by observing 
the time interval between the given times at which 
the zero passes through north and south and the 
time at which the zero signals are received in the 
ship, the bearing of the station can be determined. 
rch vat crened that the watches in the trans- 
mitting station and the receiving ships are synchro- 
nised the station transmits a taiing gual first 
before commencing the rotating beam. In order 
to avoid calculation in the ship, and to obtain 


greater accuracy, a special watch, the face of which 
is marked in degrees, is required in the ship, and the 
scale corresponding to the angular velocity of the 
revolving beam. If this watch is started at the 
moment indicated by the timing signal the bearing 
in degrees of the ship from the station can be noted 
from the watch at the moment when the zero signals 
are received. This bearing can be checked with 
subsequent zeroes. In this method the responsi- 
bility for the accuracy of the bearing rests with the 
ship. 

The principles of direction-finding wireless and 
the technical methods of operating it may be 
epitomised as follows: Signals from an ordinary 
wireless transmitting aerial are propagated equally 
in all directions in a horizontal plane. The field of 
magnetic lines surrounding the aerial may be re- 
garded as a series of concentric rings spreading 
outward uniformly from the transmitter; and 
the receptive powers of an ordinary vertical earthed 
aerial, apart from local or special conditions which 
may cause screening, may be regarded as equal in 
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| all directions. We will suppose that a receiving ship 
|or station is fitted with a single loop aerial, i.e., 
|@ triangle as shown in Fig. 1, and that this aerial 
is not earthed, but that the two ends are connected 
to an ordinary receiving circuit so as to form a 
|closed loop. A and B represent the two sides 
| Of this single loop and the arrows the direction of 
advancing wireless waves. If the plane of this 
loop be parallel to the direction of the advancing 
| waves, the direction of the current set up in A will 
be in the same direction as that set up in B, so 
that the currents will tend to oppose each other. 
But if the two sides of the loop are spaced a certain 
distance apart the current induced in one side will 
reach its maximum an instant later than that in 
the other side and a resultant current will flow round 
the loop. If the loop now be turned through an 
angle of 90 deg. so that its plane is at right angles 
to the direction of the advancing waves which 
are shown as facing or end-on arrows in Fig. 2, 
then it is clear that the electromotive force induced 
in the two sides will at any instant be equal and 
will oppose each other, so that no current will 
flow round the loop. 

If the loop be turned through any other angle 
than a right angle then a resultant current will 
flow round the loop having a value which varies 
as the cosine of the angle which the plane of the 
loop makes with the direction of the advancing 
wave. Or, in other words, the loop aerial may be 
regarded as normally inductive to the field of 
magnetic force of the advancing waves, but as non- 
inductive to that field in certain positions. This is 
shown in Fig. 3, where for the sake of simplicity in 
drawing it is assumed that instead of being rotated 
the loop is moved round the transmitting station so 
that its plane is pointing at the transmitting station 
at the right hand, or maximum current position, and 
is facing the transmitter at the lower, or zero, 
current position. 

Therefore, it follows that by means of a revolving 
‘loop aerial the direction of a distant station may 





be determined by the relative strength of the signals 
in different positions, and the single-loop aerial 
connected to receiving instruments and rotated 
round its vertical axis through a horizontal scale is 
the simplest form of direction-finding apparatus. 

To increase the current through the loop it is 
usual to tune the loop with a condenser to the wave- 
lengths required to be received, and instead of a 
single loop a frame fitted with a multi-turn loop 
may be used. The larger the area of the loop the 
greater will be the resultant current induced. The 
revolving loop aerial system of direction finding 
has the advantage of simplicity and portability, 
but it does not lend itself so readily to the accurate 
reading of directions, especially when the loop is 
large and in consequence cumbersome. This 
system is not very suitable for work on board ship 
because the revolving loop requires to be set up 
in such a position that it is not influenced unequally 
during its orientation by other conductors in the 
vicinity. Here it should be noted that the zero 
position of signal strength, i.e., when the loop is 
at right angles to the direction of the advancing 
wave, is much more sharply defined than the 
maximum position of signal strength, and it is 
usual in practice to read the zero position, which is 
90 deg. away from the true bearing. This can be 
done most conveniently by judging two positions 
on the scale at which the signals are of equal strength 
on either side of the zero point, the mean of the two 
scale readings giving the exact zero. Improvements 
are now being introduced by which a comparison 
method is substituted for the zero method of deter- 
mining the bearing. These involve an addition to 
the simple apparatus here described. It should be 
noted that the system of directional wireless 
explained above gives only the direction and not the 
sense of the incoming signal, so that there is an 
ambiguity of 180 deg. In the majority of cases, 
since either the receiver or transmitter is in a fixed 
position, the ambiguity is of little consequence. 

In the Bellini-Tosi system, in place of a rotary 
loop aerial two fixed loop aerials are employed which 
are connected to an instrument known as the 
radiogoniometer, or direction range-finding trans- 
former. Inside the latter instrument is a small 
receiving coil attached to a pointer moving over @ 
scale by which the direction of signals can be 
determined. 

Let us take the case of a receiving set having 
two fixed loop aerials at right angles to each other. 
When the direction of the transmitting station is 
in the plane of one of the aerials maximum signals 
will be received on this aerial and zero signals on 
the other. Thus, if the signals are from a distant 
station at X or X 1 (Fig. 4), maximum signals will 
be received in coil A B and zero in coilC D. If the 
signals are from Y to Y 1, maximum signals will be 
received in coil C D and zero in coil AB. When 
the direction of the transmitting station is not in 
one of these two planes, e.g., at Z in Fig. 4, the 
signals will be received to a certain extent on both 
aerials, that is, a current will be induced in both 
aerials, the magnitude in each of which will be 
proportional: to the cosine of the respective angle 
which each makes with the direction of the trans- 
mitting station. The two aerials are joined respec- 
tively to two small loops, each loop being a coil 
of several turns, fixed at right angles to each other 
in the radiogoniometer, so that this instrument forms 
a small replica of the large fixed aerials and re- 
produces faithfully the magnetic fields due to the 
currents induced in the two aerials. 

Fig. 5 shows in diagrammatic form the radiogonio- 
meter joined to two fixed triangular aerials, and 
Fig. 6 shows the actual radiogoniometer or direction 
finding box. The two fields due to the separate 
currents in the two fixed aerials combine to form 
a resultant field. In order that this resultant 
field shall have the true direction of the trans- 
mitting station, that is, in order that the resultant 
field due to the currents in the coils A B and CD 
from a transmitting station at Z (Fig. 4) shall lie 
along the dotted line E F, it is necessary that the 
two aerials should each receive their proportionate 
‘share of current. The receptive powers of both 
aerials must, therefore, be similar, and if the 
position of the direction finder is isolated from all 
other conductors, e.g., set up ashore in a suitable 





position, it is clear that this will be obtained by 








334 


ENGINEERING, 





9° 


= 


[SEpr. 2, 1921. 








making the two aerials identical in all respects. 
If the aerials are set up in a ship the influence of 
other conductors in the vicinity of one aerial may 
be considerably greater than that affecting the other. 
Consequently, in order to keep the receptive powers 
of the aerials equal it may be necessary to employ 
a smaller loop for one aerial than for the other. 
Assuming that the resultant field in the two aerials 
gives the direction of the transmitting station, then 
by joining the two coils of the radiogoniometer to 
their respective aerials so that the current in each 
aerial through its radiogoniometer coil, the 
resultant field can be faithfully reproduced in a 
concentrated form in this instrument. The direc- 
tion of this field, that is, the bearing of the station, 
is obtained by revolving a small coil, known as the 
search or exploring coil, to which a pointer travelling 
over a scale marked in degrees, from 0 deg. to 
360 deg., is attached. Fig. 7 shows the scale and 
diagrammatic plan of a radiogoniometer. It is 
usual to determine the zero position of the signals 
in taking directions, and if the search coil pointer 
is adjusted at 90 deg. to the plane of the search 
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coil and if the aerials at the station are set up as 
shown in Fig. 7, the zero signal position as deter- 
mined from the pointer will give the actual true 
bearing of the station or its reciprocal in degrees. 
If the direction-finding apparatus is set up in a ship 
with the plane of the aerial in the fore and aft and 
athwartship lines the pointer will give the bearing 
of the station relative to the ship’s course at the 
instant of receiving the signal, and the relative 
bearing must be corrected accordingly to give the 
true bearing. 

A means of ascertaining the course of the ship 
whilst taking the bearings must, therefore, be avail- 
able. In order to obiain maximum sensitivity 
for work at long ranges the two loop circuits, each 
formed by one aerial and its corresponding radio- 
goniometer coil (Fig. 5) may be tuned separately, 
by a condenser in each circuit, to the wave-length 
of the transmitting station. It is essential that the 
tuning of both circuits should be exactly the same, 
as inaccuracy in tuning will resalt in inaccuracy 
of bearings. To carry out this tuning preparatory 
to taking directions the two aerials are excited 
equally by a small buzzer circuit and the tuning 
condensers accurately adjusted until the buzzer 
signals are a minimum in a position known as the 
buzzer zero approximately midway between the 
planes of the two radiogoniometer loop coils. 
The sharpness of this buzzer zero is an indication 
of the accuracy in equality of tuning, and the opera- 
tion known as balancing the aerials is performed 
frequently by the operator when keeping watch 
on the directional apparatus, and affords a check 
on the reliability of his instruments. For moderate 
range working, and in general because the operation 


of balancing the aerials requires skill and, if in- 
accurately carried out, may be a source of error, it 
is a common practice, especially in ship’s sets, to 
short circuit or dispense with the tuning condensers. 
In this case, once the aerials have been definitely 
fixed and the calibration of the direction finder 
(an operation similar to that of adjusting a new 
ship’s compass) has been carried out, the only 
adjustments required prior to the determination 
of a bearing by the radiogoniometer are those 
appertaining to the wireless receiving circuits 
attached to the direction finder. 

These may be confined to a single adjustment in 
order to simplify the use of the apparatus. Attached 
to the search coil of the direction-finding apparatus 
are the wireless receiving circuits, consisting of a 
tuned receiving circuit, detecting and amplifying 
circuits. This apparatus, although differing in 
design possibly from the ordinary wireless receiving 
apparatus, follows the usual principle of receivers 
employed for ordinary wireless telegraphy and does 
not therefore need describing. But since the 
receptive powers of a comparatively small loop 
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aerial such as can be used in direction finding are 
very much inferior to those of the ordinary type 
of ship or station-earthed aerials, the supply of 
signal amplifying apparatus employing several 
vacuum valves is not only desirable but an essential 
feature of the direction-finding receiver. 

The foregoing explanation covers the principles 
and operational methods of the types of direction- 
finding wireless telegraphy known as the direction- 
finding station type and the Beacon station type. 
Up to the present these types, which comprise 
directional receiving aerials and apparatus either 
on shore or in a vessel, are the most commonly 
used. The procedure followed in communicating 
with a direction-finding type station is that the ship 
desirous of obtaining her bearing calls the shore 
station by her ordinary wireless telegraphy and asks 
for the bearing; the station indicates by wireless 
that it is ready to determine the bearing ; the ship 
then transmits her call sign continuously for a short 
period, during which time the station ascertains the 
bearing by the use of its apparatus and transmits 
to the vessel by wireless her true bearing and the 
time at which the bearing was observed. If the 
ship requires simultaneous bearings from two 
directional shore stations so as to obtain her position, 
she calls up the controlling station of the group and 
intimates the fact. Both stations then determine 
simultaneously by their direction finders the respec- 
tive bearings of the ship. The controlling station 
collects both bearings (a land line is used between 
the shore stations) and either transmits to the ship 
the two bearings and the time at which they were 
determined, or, if equipped for the purpose, deter- 
mines the position as obtained from the two bearings 





and transmits it to the ship. 











With a station of the “beacon” type a ship 
fitted with directional receiving apparatus can 
determine by the radiogoniometer of her apparatus, 
her bearing at any time convenient from a known 
ordinary wireless telegraphy station, or from a 
beacon station transmitting at routine times. 
The bearing as obtained is the angle between the 
course of the ship, i.e., 360 deg. on the radiogonio- 
meter or the fore and aft line of the ship, and the 
direction of the station, and this angle must be 
applied to the true course in order to obtain the 
true bearing of the station (see Fig. 8). A similar 
procedure may be adopted with two or more 
stations when it is desired to obtain a fix, the 
bearing of each station being observed in turn. 

In the place of either of these two types using 
an ordinary transmitter and a directional receiver, 
there is, as already mentioned, a third type of station 
using the converse of these two principles. Instead 
of the ordinary transmitting station from which 
signals are sent in all directions, a special station is 
designed capable of transmitting signals having a 
maximum amplitude in one direction and a minimum 


To AB Aerial. 





To AB Aerial. 
Radiogoniometer Coil connected to AB _ 
Aerial shown sha ; 
Ditto to CD Aerial shown plein. 
Search (oil shown thus: 4 
lige right angles to Search Gil. 


If Aerial AB isin true NS line, xero of signals 
as determined by pointer, will give true 
direction of station. 

If Aerial AB is in fore and att line of ship, xero of 
stgneds will give bearing of station relative 


to ship 'S CO e. 
(699/.£) oe 


amplitude in a direction at right angles. Fig. 9 
shows in plan approximately the magnetic field 
spreading out from an ordinary transmitting aerial 
of symmetrical form, and Fig. 10 that for directional 
transmitting stations of this type. A receiving 
station at C or D will receive the signals at maximum 
strength, and at A and B will receive the signals at 
minimum or zero strength. It may be convenient 
to regard this field as a broad beam of light having a 
maximum intensity at CD, and being obscured 
towards A and B. If, then, the field, or beam, shown 
in Fig. 10 is transmitted continuously while revolving 
at a fixed angular velocity with the zero, or obscura- 
tion, position passing through the line A B at definite 
times, a ship, knowing these times, will be able to 
find her bearing from the station by observing the 
time interval between the definite times mentioned 
and the time at which zero signals are received as 
the beam passes through north and south. For 
example, suppose the beam passes through the 
north-south line at successive exact minutes and 
that the watch in the ship has been exactly 
synchronised with the time at the direction-finding 
transmitting station; then if the ship receives 
zero signals (that is, loses the sound of the trans- 
mitter in her ordinary wireless receiving apparatus) 
at, say, each twentieth or fiftieth second during 
the first minute and succeeding minutes, then the 
bearing of the station is 20/60 or 50/60 of 360 deg., 
i.e., 120 deg. or its reciprocal. By obtaining in the 
same manner her bearing from another directional 
transmitting station suitably placed and trans- 
mitting on a similar procedure immediately after 


| the first station, the ship will be able to fix her 
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position. The principle of the transmitting 
apparatus just described is somewhat similar to 
that of the Bellini-Tosi direction-finding receiver. 
Other principles may be employed, but the method 
of operation in the ship will be more or less similar. 
At the present time Great Britain has no directional 
transmitting station in actual operation. Germany 
had three of these stations during the latter part 
of the war. 

The advantages of the directional-finding station 
type are that for using it a ship requires no special 
wireless telegraphy apparatus beyond her ordinary 
installation and no special skill or training is required 
by the ship’s staff. The apparatus in the shore 
station is worked under stable and favourable condi- 
tions, the loops in the station can be made large and 
thus give greater accuracy and the station can carry 
a skilled staff practised in taking bearings, thus 
taking responsibility and informing the ship. 
The disadvantages are that as ordinary wireless 
is used congestion on the wave lengths used by the 
stations may be caused when several ships are 
asking for positions, as any one set of directional- 
finding stations can only be used by one ship at a 
time. Further, ships can only use the stations at 
ranges well within the maximum of their trans- 
mitting installations. Also, if the shore stations 
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signal the bearings only and not the position the 
ships will need, special charts or special tables of 
correction as the bearings obtained are the Great 
Circle bearings at the shore stations. Special 
charts, &c., will be unnecessary if the shore stations 
are organised so as to apply the corrections to the 
bearings and signal directly the position of the 
ship. 

In the beacon station type the advantages are 
that any number of ships can obtain their bearing 
or fix their position simultaneously from one station 
or set of stations. A special wave-length can be 
allotted to the stations so that congestion with 
ordinary ship communications will not arise. 
Bearings and positions can be obtained at longer 
ranges, since the method is not limited by the 
ship’s transmitting range and the stations may 
be made more powerful. The disadvantages of 
this type are that special directional receiving 
apparatus is required in a ship. This apparatus 
will need calibrating and occasional checking. 
Alterations in position of conducting material such 
as derricks, wire ropes, &c., in the immediate 
vicinity of the aerials may effect accuracy and 
necessitate re-calibration. The bearings are rela- 
tive to the ship’s head, and a ready, method of 
obtaining the ship’s course while actually deter- 
mining the bearing must be available at her direction- 
finding installation. The ship’s staff will need 
practice, and some technical skill in determining 
bearings, and must accept the responsibility for 
their accuracy. Ships must carry special charts 
or tables of special corrections as the bearings 
observed are those of the ship’s end of the Great 
Circles. 

The directional transmitting station type has the 
advantages that any number of ships can obtain 
their bearing or fix their positions simultaneously 
from one station or set of stations. Congestion of 
communications may be prevented by allotting 
the stations a special wave. Bearings and positions 
can be obtained at long ranges by making the 
stations sufficiently powerful. No special apparatus 
beyond a watch is required in the ship. Although 





some practice and a little skill are required in taking 
the observations, they may be made directly by 
the bridge staff without relying on the ship’s 
wireless operators. The disadvantages of the type 
are that a special kind of watch is necessary, and 
for accurate bearings exact timing of this watch 
and exact observation of the interval are required. 
Moreover, specially-constructed shore stations are 
required, and these must be suitably placed to enable 
a fix to be made. Ships will also need special charts 
or special tables of corrections as the bearings 
obtained are the great circle bearings at the shore 
stations. 

As to the reliability of bearings obtained by the 
methods above described, errors may arise from two 
causes; first by mistakes in estimation of the 
bearing on the part of the operator of the direction- 
finding receiver; secondly, by wave distortion, 
i.e., the direction of arrival of the waves at the 
receiver being distorted from the direct line joining 
the transmitting and receiving station. With 
regard to the first, practice and experience are 
essential. Assuming that the directional set has 
been calibrated and the apparatus and aerials are 
well maintained, the maximum error in fixed stations 
with practised operators can be taken as 2 deg., 
and the average error as less than 1 deg. In ships’ 
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sets with small aerials the average error is slightly 
greater. With respect to the second cause errors 
due to wave distortion are negligible by day when 
the bearings are over water. Bearings obtained 
during day and from a station suitably placed so 
that no considerable line of land intervenes can be 
accepted as reliable if they are competently taken. 
These are the best conditions for direction-finding 
wireless working. If choice permits, bearings 
should be obtained by day in preference to night, 
as night errors up to 5 deg., and occasionally more, 
have been recorded. However, at short ranges 
of 50 miles to 100 miles over water the night errors 
are generally small, and bearings can be accepted 
as approximately correct. Times within 1 hour 
of sunset and sunrise should be avoided if possible. 
Bearings over land, unless it is flat, are less accurate 
than those over water. This is especially the case 
with night readings. High land close to and between 
the transmitter and receiver is a cause of error. 
Consequently, bearings should not be obtained when 
a vessel is close to high cliffs. 

The estimated cost of a direction-finding receiving 
station is from 1,200l. to 1,5001., and for a self- 
contained station with direction-finding receiver and 
transmitter complete from 3,0001. to 3,5001., whilst 
that of a shore directional transmitting station 
available for long-range working and therefore 
requiring a powerful transmitting plant is approxi- 
mately estimated at from 12,000/. to 15,000). 
As regards ship’s direction-finding sets, the apparatus 
required on board includes a twin direction- 
finding aerial system consisting either of fixed wires 
or of large rigid frames, a small room or cabinet 
(preferably not used for other purposes) and an 





operator. The complete receiving apparatus com- 


prises wireless direction finder, tuning apparatus, 
receiving and amplifying set—these may be separate 
or combined; accumulator batteries for the 
receiver (4 volts to 6 volts, 50 ampere-hours to 
100 ampere-hours), dry batteries, switches, spares, 
&c.; small charging and switchboard plant for 
accumulator batteries (these may be either charged 
from the electric mains of the ship or by small motor 
generator sets supplied from the ship’s mains, or, 
if electric current is not available, a small internal- 
combustion generator will be required); and tele- 
phone or buzzer communications with the steering 
compass position, unless the receiving room is 
situated on the bridge with an immediate access 
to the steering compass. The cost of this apparatus 
with batteries, leading-in insulators and aerial is 
estimated at from 200/. to 3007. But this does 
not include cost of installing it. 





THE WORKS OF MESSRS. EDGAR ALLEN 
AND CO., LTD., SHEFFIELD. 
(Concluded from page 307.) 

THE newer shops are on the north side of the 
Sheffield-road, and the first building encountered, to 
the left of the entrance is the pattern stores, a 
building in two bays, having a total capacity of 
412,000 cub. ft. In this building are stored all 
patterns not immediately required in the foundry. 
Customers supplying their own patterns may rest 
assured that everything possible is done for their 
safety, the whole of the building being adequately 
protected by Grinnell sprinklers. This building was 
constructed during the war period, the patterns pre- 
viously being stored in the building now known as 
the No. 5 steel warehouse. The construction of the 
building calls for no special description, but it is of 
interest to learn that it was originally part of the 
workshops of Messrs. Handyside, Derby, and was 
taken down and rebuilt on its present site by the 
works engineer’s department of Messrs. Edgar Allen 
and Co. Adjoining the pattern stores, but entirely 
separated from it is located the garage in which is 
housed the firm’s fleet of steam lorries and motor 
cars. 

The pattern-makers shop is close by. This is a 
well-lighted and commodious building, constructed 
wholly of fire-resisting materials; it is adequately 
ventilated, and in the winter season heated by a low- 
pressure hot water installation. The machines are 
grouped at one end of the shop, a very complete 
installation of dust-collecting apparatus being 
provided ; as a consequence, the shop is remarkably 
free from dust and shavings, this being conducive 
to the health of the workers and minimising the 
fire risks. The machines, with the exception of the 
lathes, are under-driven, the shafting being arranged 
in a basement and driven by electric motors. Special 
care has been taken to ensure proper natural lighting, 
all roof glass being arranged to give as nearly as 
possible a north light. A view in the pattern shop 
is reproduced in Fig. 20,on Plate XVI. A covered 
timber stores is built up against the south end of 
the shop, all the timber required being stored 
therein and well seasoned before use; a power- 
driven pendulum saw is used for cutting the boards 
and battens to the required lengths. 

Near the pattern-makers’ shop is situated a very 
important adjunct of the steel foundry, namely, the 
sand stores, in which the various sands are kept, 
mixed and conditioned ; also a special laboratory, 
which has charge exclusively of all research and 
analytical work on sands and other materials used 
in the making of moulds and in the various phases 
of the manufacture of finished steel castings, tool 
steel, etc. This both relieves the works main 
laboratory and enables the firm to deal adequately 
with an essential feature of the manufacture of 
high-grade steel castings, one quite as vital as the 
actual manufacture in all its phases of the high- 
class steel itself. 

Another and larger pattern-makers’ shop is 
located as shown on the ground plan of the works, 
at the extreme west end and fronting Vulcan-road ; 
in this shop are constructed the patterns for the 
casting of manganese special tramway and railway 
trackwork, and for the castings required in the 
manufacture of cement-making machinery. 

The two steel foundries, a view in which is 





given in Fig. 21, on Plate XVI, are a characteristic 
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feature of the more modern part of the works. 
They have access to each other beneath a covered 
way, and measure overall a total length of 1,000 ft. ; 
the width is 172 ft., and the height to eaves 
32 ft. The eastern section of the Foundry, opened 
in 1914, is divided into four bays, one used for 
moulding on the side of a connecting bay down the 
centre, on which latter is a central normal gauge 
railway track, granite paving being laid between the 
rails. This track is continued into the western 
foundry, but in the latter the paving is made of 
reinforced granolithic concrete. The fourth bay 
is on the south side of the foundry, and is set apart 
for pattern layout, offices, melting and for mould 
drying stoves. This part of the foundry is equipped 
with four 34-ton Tropenas converters, the liquid 
charge being delivered through movable landers 
from 8 ft. diameter cupolas, one to each pair of 
converters. The converters and cupolas are worked 
in pairs on alternate days, the linings being repaired 
between the working periods. The cupolas are 
arranged at a high level, the material used for 
charging being handled by two high-speed 2}-ton 


from which is used for steel castings and for 
making ingots of special grades. 

The bulk of the casting is done at floor level, but 
for cylinders and all work necessary to be cast on 
end, a casting pit over 20 ft. in depth is used. This 
pit is arranged with a movable floor, which can be 
adjusted at any depth down to 20 ft. to suit the 
particular work in hand. The foundry is well 
equipped with electric overhead travelling cranes, 
electric jib cranes, hand cranes, runways, and every 
conceivable apparatus for the easy and expeditious 
handling of material from one part of the shop to 
another, and for inter-shop communication. One 
very noticeable feature is a fine electrically operated 
telpher runway conveying sand from the sand 
mixing shop at the extreme east end of the foundry 
to any part required, and the ingenious arrange- 
ments provided for tipping up the load at the point 
of delivery. The sand mixing plant is so arranged 
that the sand as brought from the sand stores in 
electric tip carts is discharged into bunkers, which 
feed into mills situated in a basement, and when 








thoroughly blended and mixed is carried up by 


eS ihe 





“tr 


Fie. 28. Hérovutt Exvecrric 


electric travelling cranes. The melted material is 
collected in a receiver, and from thence discharged 
as required into the converter, which is at ground 
level, the finished steel being poured into a ladle 
suspended in a pit by means of the overhead 
crane. The converters are blown by Roots 
positive blowers, and the cupolas by Keith-Black- 
man high speed fans ; these are located in a separ- 
ate room at the west end of the steel melting 
plant. The converter tilting gear is electrically 
actuated, the control house being conveniently 
situated between the pairs of vessels, the operator 
having complete protection from the heat. The 
controls for the blowers and fans are electrically 
operated, and are also situated at this point so as 
to be under the care of the operator in charge of 
the steel making. This }lant is of particular 
interest from a steel foundry point of view, the 
Tropenas steel being obtained at a very high 
temperature, and remaining highly fluid for a 
comparatively long period, so much so that several 
heats are very frequently teemed in succession into 
a collecting ladle for casting pieces weighing up to 
10 tons finished weight. Messrs Edgar Allen were 
the pioneers of, and very considerably developed 
this form of steel melting plant, the use of which 
has extended to all parts of the United Kingdom 
and the Continent, and also largely in the United 
States. Adjoining the blower room is situated a 





3-ton Héroult electric melting furnace, the steel 
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elevators, discharged and allowed to fall by gravity 
through disintegrators into tip buckets, which are 
picked up by the electric telpher runway. A very 
large portion of the moulds and cores are dried in 
specially constructed ovens, fitted with sand sealed 
movable carriages, and heated by town gas. These 
are indicated on the general plan. The work being 
very largely of a jobbing nature, a considerable 
proportion of the moulding is done by hand methods, 
but wherever it is at all possible, both pneumatic 
and hydraulic moulding machines are used. 

As already stated, the central roadway or com- 
munication way in the eastern foundry is con- 
tinued through the western one. The north side 
of the latter has seven transverse bays, beneath 
which are situated pneumatic and hydraulic mould- 
ing machines, the whole of this portion of the 
foundry being laid out especially for machine 
moulding. The south side is arranged for jobbing 
work; at the time of our visit the installation of 
a new electric furnace was being proceeded with. 
Drying stoves are installed in this foundry, as 
previously described for the east foundry. Work 
in this portion of the foundry was commenced at 
the beginning of the present year. 

The Edgar Allen foundries are amongst the | 
lightest and best ventilated we have seen, the 
whole of the roof on the north side being glazed, | 
the remainder consisting of corrugated-cement | 
asbestos sheeting. Ample permanent provision has | 





been made for keeping the roof glass clean, foot- 
walks both inside and out being provided for this 
purpose. The handrailing to the outside foot- 
walks is utilised for conveying water for the use of 
the window cleaners, a very simple but ingenious 
contrivance being employed to drain the pipes 
after use, so as to prevent damage by frost. The 
stanchions and crane gantry girders in the eastern 
foundry have been built up out of wide flange steel 
beams, but owing to the impossibility of obtain- 
ing further supplies of these sections this construc- 
tion was not adhered to in the case of the western 
section, ordinary plate and lattice girder construc- 
tion being here adopted. In the winter months 
the foundries are lighted by means of electric 
flame arc lamps suspended from the roof princi- 
pals. To the north of the foundries described 
above are situated the fettling, finishing, and an- 
nealing shops, communicating with each other and 
with the foundry and machine shops by means of 
normal gauge track. 

The method adopted in laying in the sidings and 
inter-shop railway communication deserves refer- 








Fic. 29. Gyratory OrvusHer In Course oF ERECTION. 


ence. Wherever the rails have been laid over 
ground also used by other vehicles, concrete con- 
struction, together with specially rolled grooved 
rails, has been adopted. The space between the 
rails and for each side, to whatever-width considered 
necessary to carry the traffic, is paved with 
granite setts. This work was carried out so far 
back as 1912, and the maintenance, especially in 
view of the very heavy and continuous traffic, has 
been remarkably low. The condition of the road- 
ways and sidings certainly appears to be remark- 
ably good, far above the average state of affairs 
in a works.’ This specia] form of construction was 
decided upon as the result of experience, and in view 
of the heavy and continuous traffic to be carried, 
a traffic which is compelled to follow certain 
specified routes. 

The combined area of the fettling and finishing 
shops is 4,860 square yards, and that of the anneal- 
ing shop 2,900 square yards. Fronting Vulcan 
Road, at the extreme north of the works, is situated 
the machine shop, an open space, 30 ft. in width, 
being left between this and the smiths’ shop. 

All the castings manufactured in either foundry 
are transported by either electric truck or railway 
wagon to the above shops, where the gates and 
runners are removed and the castings cleaned, and 
in some cases machined to suit the customers 
requirements. For this purpose the fettling shops, 
one of which is shown in Fig. 22 on Plate XVI, 
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are well equipped with pneumatic power hammers, 
shot blast apparatus, oxy-acetylene cutting plant, 
and, of course, every requisite for hand fettling. 
Very considerable headway has been made in the 
use of shot blasting for cleaning the castings from 
sand, no fewer than nine separate chambers being 
in use for this purpose. The later installations of 
the shot blast plant are particularly well arranged ; 
these installations, which have for their motive 
power compressed air at 40 lb. pressure, use chilled 
iron shot. The actual cleaning of the castings is 
carried out in isolated chambers constructed of 
strong sheet iron. The operator wears special 
clothing and a helmet, and-a small low-pressure 
blower is used to convey fresh air to him through 





a valve in the helmet. The shot is projected by 


alternating motors ; in the case of the compressors 
operating pneumatic hammers, the forging hammers 
in the smiths’ shop and the moulding machines in 
the foundry, automatic electrical starting apparatus 
are provided, so arranged that when the pressure 
falls to a predetermined limit the motor auto- 
matically starts up, and when the pressure is 
restored to the maximum the motor is cut out. 
The air of course is pumped into a receiver. 

The finishing shops are well equipped with all 
classes of grinding machinery, and other apparatus 
for the rough finishing of steel castings. 

Between the foundries and the fettling shop is 
situated the annealing shop, equipped with modern 
gas-fired annealing furnaces. These furnaces, ten 
in number, are located down one side of the shop, 





and all necessary machinery for undertaking repairs 
to the works plant, and is under the control of the 
works engineer. All classes of repair work are dealt 
with in this shop, it being the policy of the firm to 
undertake all their own repair work, and the 
installation of new plant and buildings. 

The foundry machine shop, illustrated in Fig. 23 
in Plate XVI, is a well lighted and lofty building 
at the extreme north of the site; it fronts Vulcan 
Road, and covers an area of 4,200 square yards. 
The roof is arranged with glass entirely on one 
side, giving a true north light, the other side being 
covered by corrugated asbestds-cement sheeting. 
The side walls are steel framed, 9-in. brickwork 
in cement mortar being built in between stan- 
chions, the whole of the materials being _fire- 
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means of a flexible pipe through a nozzle with 
considerable velocity upon the casting to be cleaned 
and afterwards, together with the sand, escapes 
through perforated gratings in the floor into hoppers 
beneath. A fan is used to work the shot and sand 
forward through a cyclone where separation takes 
place, the shot being returned to the operator and 
the sand carried forward through a stream of water 
to settling chambers below. Owing to the difficulty 
in digging out the sand from the settling chambers, 
and because of choked drains, the newer installa- 
tions are fitted with air ejectors for forcing the 
sludge into tip carts, where the water is drained 
away and the solidified sludge afterwards carted 
away to tip. Considerable difficulty has been 
encountered and successfully overcome in dealing 
with this sludge, owing to its particularly tenacious 
nature, and we understand that the apparatus, 
which has been worked out by Messrs. Adams 
Hydraulics Ltd., York, together with the works 
engineer, is to be the subject of a patent. The 
compressors are electrically driven by direct coupled 
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and are in most instances fitted with sand sealed 
movable bogies for convenience in loading and 
unloading castings into the furnace chambers. 
Three Morgan gas producers, fitted with George 
feed working these furnaces, are located in a central 
position a few feet to the rear, the fuel being delivered 
by trucks on a siding alongside ; the gas is carried 
by an underground brick culvert to the various 
furnaces, the products of combustion escaping by 
another underground brick culvert to a large iron 
chimney near the transformer house. Two of the 
latest furnaces call for special notice, one being a 
three-chamber continuous annealing furnace built 
by Messrs. King, Taudevin & Gregson Ltd., Shef- 
field, and the other the manganese steel heat treat- 
ment furnace, built by Messrs. Wincott Ltd. Two 
overhead electric travelling cranes are used for 
loading and unloading, and for moving the bogies 
in and out of the annealing furnaces. 

The millwrights and electricians’ shop is situated 
between the foundry and the annealing shop. It 
is equipped with an overhead crane, inspection pit 
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resisting. The shop is heated by steam on the 
vacuum system. The shop is most completely 
equipped with machine tools for either finished 
or rough machining of steel castings to customers’ 
requirements. The cutting tools are all made out 
of the particular brands of Messrs. Edgar Allen’s 
special tool steels appropriate to the work to be 
done. The majority of the machines are direct 
driven by electric motors, only the smaller machines 
being grouped together and driven off a line-shaft. 
Within this shop is installed a very complete 
hydraulic testing plant for the testing of cast steel 
cylinders for liydraulic presses and other hydraulic 
machinery, of which Messrs. Edgar Allen have 
made a speciality. This plant is arranged to deal 
|with the highest working pressures in everyday 
'use. A tool room adjoins the shop in which are 
forged, ground and stored all tools required for the 
various machines. At the time of our visit the 
plant was in full activity machining large cast steel 
gear wheels, rolling-mill pinions, hydraulic press 
cylinders, and an infinite number of smaller cast- 
ings in apparently endless variety, such as motor 
cases, central buffers and automatic couplings for 
foreign and colonial railways, axle boxes, etc. 
After machining, the work passes to the forwarding 
shop, located close to the works’ offices, where it is 
carefully inspected, painted, packed into trucks, 
and collected at intervals by the works locomotives, 
and hauled into the Railway Company’s sidings 
adjacent to the works. 

The smiths’ shop is located between the largest 
fettling and annealing shop and the machine shop. 
It contains a modern installation of pneumatic 
hammers, together with furnaces and ordinary 
smiths’ hearths. In this shop is carried out all the 
smiths’ work required in and about the works, and 
in addition such articles are forged as the shanks 
for central buffers and couplings, of which we saw 
a very large number in progress at the time of our 
visit. All the forging required for special tool steel 
is done at the Park View Forge, Owlerton, referred 
to on page 306 ante. 

The Engineering Department, as will be seen 
from the general plan of the works, is located at 
the west side of the newer section of the works, and 
comprises a plating, machining, fitting and erecting 
shop, together covering an area of 15,404 square 
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yards. At the time of our visit the cement making 
machinery for the new works of the Humber Port- 
land Cement Co., Ltd., was in course of completion. 
This department is engaged principally in the pro- 
duction of cement making machinery, crushers, 
coal screening plant, and general heavy engineering 
work, and is not to be confounded with the works’ 
engineering department, which is solely occupied in 
the installation and maintenance of the buildings 
and plant. An idea of this department of Messrs. 
Edgar Allen’s works and of the specialities with 
which they deal is afforded by the views Figs. 24 to 
27 on Plate XVII, showing the light and the heavy 
plating shops, the machine and the erecting shops, 
and by Figs. 29 to 32 on pages 336 and 337 illustra- 
ting a gyratory crusher weighing about 80 tons in 
course of erection, a portion of a large rotary kiln 
11 ft. 6 in. diameter tapering down to 10 ft., part 
of a steel ball tube mill, and two cylinders weighing 
over 7 tons each, being hydraulically tested before 
delivery. Fig. 28 on page 336 shows the works’ 
Héroult electric furnace referred to above. 

The Foundry Department offices are located on 
the east side of the works and front on to Vulcan- 
road. In the same block of buildings is located the 
Physical Laboratory fitted with a Buckton 50-ton 
hydraulic testing machine, an Izod impact machine, 
and other apparatus. Above this room are the 
foremen’s dining room and the Exchange contain- 
ing the switchboard and batteries controlling and 
operating the works and automatic telephone. 
Messrs. Edgar Allen’s was one of the first tele- 
phones operated from an automatic switchboard to 
be installed in England outside Post Office control. 
The General Stores is also located in this block, 
consisting of three floors of reinforced concrete ; 
in this are stored all the articles in general demand. 
As far as possible the stores is built and fitted with 
fire-proof materials, the walls and floors being of 
brickwork and reinforced concrete and the storage 
bins of sheet metal. One of the most interesting 
features in connection with the general stores is the 
15-ton road weighbridge in the entrance gateway. 
This machine, designed and manufactured by 
Messrs. 8. Denison & Son, Limited, has a steelyard 
arranged so as to print the net and tare weights in 
distinctive colours on loose tickets; at the same 
time it records every transaction on a locked endless 
tape. It is impossible to make a record unless the 
steelyard is in exact equilibrium, thereby preventing 
all possibility of mistake or fraud. The remainder 
of the block is set apart for time, cost and other 
offices. 

All the shops with the exception of the foundry and 
annealing shop are heated by steam radiators 
on the vacuum system. Very great care and 
attention has been paid to the arrangement of 
sanitary appliances throughout the works. Drink- 
ing water is provided at convenient places. The 
whole of the shops are electrically lighted and in all 
cases the machinery is driven by the same agency. 
Every shop has a complete installation of electric 
overhead travelling cranes fully adequate to deal 
with the work carried out therein, and wherever 
possible dust collecting apparatus have been fixed 
to grinding machinery. 

The area of the land upon which the buildings 
described above are situated is 23 acres. 

The Park View Forge at Owlerton, which was 
acquired during the war, is situated on the borough 
boundary and covers 4,800 square yards. Since 
acquiring these works they have been re-arranged 
and improved. The installation consists of 6 steam 
hammers ranging from 5 owts. to 2 tons ; supplied 
with steam by two 30 ft. by 8 ft. Lancashire boilers. 
Offices, fitting shop, garaze) ete., are suitably 
arranged to deal with the work passing through the 
forge, and recently a further piece of land at the 
south side has been purchased for the purpose of 
future extension. 

Great interest is taken in the social side of the 
works. A magazine is printed and circulated every 
month, in which are chronicled the meetings of the 
various works’ councils, the works’ societies, sporting 
news and all items of interest to the staff and 
workmen. The material side is catered for in the 
excellent arrangement made in each shop for warm- 
ing or cooking food brought in by the workpeople, 
and the provision of boiling water for tea-making 





at meal times. This is done free of charge, and 
for those requiring it, an excellent canteen is situ- 
ated near the Vulcan-road entrance at the extreme 
west end of the works, where excellent cooked meals 
may be obtained at the lowest possible charge. 
The boys and youths are cared for by a welfare 
department under the charge of an ex-officer and 
everything possible is done for them in the way of 
sport. We understand that a field has just been 
purchased close by the works containing 9 acres 
which it is intended to lay out as a permanent sports 
ground for the use of the employees. The Edgar 
Allen L.S.D. Society devotes its efforts to the further- 
ance of the literary, social and dramatic side of social 
life, and annually stages a series of plays in one of 
the Sheffield theatres, the proceeds being devoted 
to the furtherance of the aims of the Edgar Allen 
Institute, established by the late Mr. W. E. Allen 
and referred to on page 272 ante. 

In concluding this brief review of Messrs. Edgar 
Allen and Co.’s Imperial Steelworks, we may be 
allowed to state that the cordial relations which 
always existed between their most genial founder 
and the staff of his time are continued between the 
present directors and the staff of the present day, 
in other words, what we may term the Edgar Allen 
Traditions have endured without a break during the 
life of the establishment which has now exceeded half 
a century. That they will still endure is evident, 
for a glance at the different shops suffices to show 
that the men for their part, appear fully animated 
with the desire to keep up the excellent standing 
which their firm holds in the metallurgical and 
engineering world. They work with a will, have a 
contented and prosperous look, and there is none of 
the slack manner which, unfortunately, one meets in 
some other works. 





THE HYDE WELDING PROCESS. 

Tue desirability of joining pieces of metal together 
by other than mechanical means has brought the 
arts of welding, brazing and soldering to a con- 
siderable degree of perfection. Where great me- 
chanical strength is required the third of these 
can be neglected, and the other two labour under 
the disadvantage that it is often almost impossible 
to be sure that they are absolutely sound. Welding 
and brazing, nevertheless, occupy a very important 
place in the processes of construction, and would 
be even more widely used if some of their drawbacks 
could be eliminated, because the possibility of 
making a firm and permanent metallic connection 
between two separate pieces without bolts, rivets 
or other devices is often of great advantage. Some 
few years ago a method of uniting iron and steel 
which partakes of the nature of both welding and of 
brazing was invented by Mr. A. C. Hyde of the 
Vactite Wire Co., Acton, and the Hyde Welding 
Co., Wolverhampton. This method which is now 
in regular commercial use, under the name of the 
Hyde welding process, consists essentially of uniting 
the surfaces by means of molten copper, but it 
differs from brazing in the fact that the copper 
impregnates the masses of metal to be joined and 
unites then in such a way that they cannot again 
be separated by heat. 

The Hyde process is usually carried out simply 
by placing together the pieces to be joined with 
a small piece of copper wire or strip adjacent to 
but not between the joint and then raising the whole 
to the melting-point of copper while surrounded 
by an atmosphere of hydrogen. There is no 
difficulty about this in the case of articles of any 
ordinary size, as they are simply put in a muffle 
furnace through which hydrogen is passed, the 
gas being ignited and burnt as a small flame where 
it leaves the furnace. The surfaces need not be, 
and, indeed, are not, cleaned in any way before- 
hand, nor is any kind of flux used. The effect of 
the hydrogen is to reduce any rust or scale which 
may be present to the form of spongy metallic 
iron, which presents an admirable surface for the 
copper to penetrate. If a small piece of copper is 
placed on an iron plate and heated in an atmosphere 
of hydrogen to the melting-point of copper, the 
latter at once spreads out over the iron in a film. 
In such an operation the copper does not pass 
through any plastic stage. It is a case of either 





being melted or not being melted, the temperature 
margin between these two conditions being unre- 
cordable. 

The fluidity of the copper melted under such 
conditions is extremely high, and it spreads over 
the iron like petrol or water, penetrating the 
minutest crevices. This somewhat remarkable 
result cannot be due entirely to the deoxidising 
effect of the hydrogen, because equal results cannot 
be obtained when the atmosphere consists of other 
de-oxidising gases. The hydrogen appears to act as 
a flux, cleansing the surfaces and causing the copper 
to wet it and to flow freely over it. The exact cause 
of this action is obscure, but it may be connected 
with the phenomena of occlusion which is so well 
known in connection with the gas in question. 
By allowing copper, melted under such conditions 
to flow between two iron or steel surfaces, the latter 
will evidently be stuck together by the metal, 
and thus we have the Hyde welding process. But, 
as will be explained later, the process involves 
much more than the simple brazing or soldering 
effect indicated, for the surfaces become permanently 
united in such a way that they cannot be melted 
apart again and thus there is a certain propriety 
in the term “ welding.” 

The way in which copper impregnates a steel 
surface when melted in an atmosphere of hydrogen 
is well shown in Figs. 1 to 6, Plate XVIII. In Fig. 1 
is shown a high carbon (0°6 per cent.) steel wire 
“hyded” with copper and then drawn down, a 
process which obviously has no effect in loosening 
the adhesion of the coating. Indeed, wire can be 
drawn down to the finest gauges without disloca- 
tion. We shall refer again to this wire later. 
Fig. 2 shows a joint between two black scaly 
surfaces, and Fig. 3 a joint between two rusty 
surfaces, only one side being visible in the latter 
photograph. In both cases the oxides have been 
reduced to spongy metallic iron, the interstices of 
which the copper has filled perfectly. Micro- 
examination under the highest powers fails to 
reveal any gaps. It will also be noticed how the 
copper has insinuated itself between the crystalline 
aggregates of the steel. Fig. 4 shows a section 
through the steel parallel to the surface of the joint, 
and the way the copper has worked itself between the 
crystals is very evident. 

In connection with the process of joining metals 
together in this way by means of copper, an im- 
portant phenomenon is noticeable. The copper not 
only “‘ solders ” the surfaces together in the effective 
way which the photographs illustrate, but if the 
joint is maintained at a high temperature for any 
length of time after the copper has melted, the 
latter metal permeates the steel faces for a con- 
siderable depth forming an alloy of steel and copper 
with individual characteristics. The presence of 
such an alloy is well shown in Fig. 5, which repre- 
sents a section through a joint which has “ soaked ” 
for some hours. The surface of the specimen has 
been etched with picric acid and shows a marked 
zone of impregnation but with somewhat undefined 
limits. Fig. 6 shows the same joint after repolish- 
ing and etching in sulphuric acid, which has 
attacked the steel but has hardly affected the 
alloy. It will be noticed how under the extended 
time of operation the original joint (looking similar 
to that of Fig. 7) is disappearing, the steel copper 
alloy growing through it. A further extension of 
time does as a matter of fact obliterate free or 
massive copper. 

It is, however, by no means necessary that 
pure copper should be used to weld pieces of steel 
together or to get the effect just described. In 
Figs. 7 to 11 the effect of using an alloy of copper 
with 10 per cent. of tin is shown, the micro- 
graphs well illustrating the formation of the band 
of alloy already referred to. Fig. 7 shows the 
appearance of a joint between two pieces of steel, 
after a quarter of an hour’s “soaking” in the 
muffle, and a much enlarged view of the same 
joint is given in Fig. 8. The band, which is just 
beginning to appear in Fig. 7 is seen to have largely 
developed in Fig. 9, which is reproduced to the 
same scale. This amount of development has taken 
place after twelve hours. After 24 hours, the 
appearance of the band is as shown in Fig. 10. 
Fig. 11 shows a section through the centre of 
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the joint to the same magnification as Fig. 8. 
The character of the structure has entirely altered, 
and there is no trace of any plane of cleavage between 
the two pieces of steel. Fig. 12 shows a section 
through an ordinary brazed joint. It will be seen 
that although the joint is perfect the spelter does 
not show any signs of having penetrated between 
the crystals of the steel, in the way in which copper 
does in the Hyde process. 

Referring again to Fig. 1 illustrating the surface 
of a drawn wire, a very remarkable property may 
be noted of this and other “ Hyded”’ articles. 
When such are exposed to damp and corrosive 
fumes which do not attack copper readily, such 
as sulphurous acid, they apparently go rusty in 
time like all other coppered articles although far 
less rapidly than the usual electro-coppered ones. 
If then the apparently rusty surface be rubbed and 
polished, the copper surface will come out again 
bright and new; it has neither peeled off nor 
otherwise disappeared. No doubt there are limits 
to this action, but the time of its serviceability is 
great compared with the life of most articles 
of to-day under the vicissitudes of everyday 
existence. 

The usefulness of the process we have described 
as an adjunct to manufacturing methods is obvious. 


Fig. 18 
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dressing. Another example of the application of 
the Hyde process is shown in Fig. 14, which illus- 
trates the attachment of distance pieces to the roots 
of turbine blades. The method of machining the 
blade together with the distance piece from the 
solid as a single article is very expensive, compared 
with the manufacture of the two parts separately. 
The Hyde process enables the cheapness of separate 
manufacture to be combined with the strength and 
convenience of the solid combination. The photo- 
graph shows a blade section after being pulled to 
destruction in a tensile testing machine, and it will 
be observed that the blade itself failed while there 
is no sign of dismemberment at the joint. We 
may mention that the process in question has been 
adopted by Messrs. Belliss and Morcom for the 
manufacture of impulse turbine blades of certain 
kinds, the blades shown in the photograph being 
of their design, and the number now made running 
into tens of thousands. Another example of com- 
mercial work is illustrated in Fig. 15, which shows 
a part section through the cardan shaft of the 
Lanchester motor car. The hollow tube forming 
the body of the shaft is joined to the splined ends 
in the manner shown, the joint being made by the 
Hyde process. 

The forms of apparatus for effecting the process 
economically are varied, and depend much upon 
the articles to be treated. 

At the Wolverhampton works hydrogen is sup- 
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By its aid it is possible not only to simplify machin- 
ing operations on complicated parts, but to produce 
parts which are to all intents and purposes com- 
posed of solid pieces of metal of such forms that 
they could not possibly be machined from the solid. 
The processes of brazing and autogenous welding 
are outclassed in such cases by the fact that 
they leave residues and disfigurements. The 
Hyde process is, indeed, already in commercial 
use for work of this kind, and the results are all 
that can be desired. There appears to be no diffi- 
culty in securing a perfect union by means of the 
copper even though the surfaces to be joined together 
are covered with mill scale or rust. Neither does 
any crevice seem too small for the copper to enter, 
We are assured that when a steel plug has been 
driven tightly into a bored hole, and a little copper 
melted round the joint in an atmosphere of hydrogen, 
for a second or two only the copper has found its 
way between the surfaces apparently in absolute 
contact and has permanently united them, a sec- 
tion through the junction afterwards showing a 
perfect union. 

Fig. 13, annexed, shows an example of the 
practical utility of the process. The article illus- 
trated is the cage or body of a high-speed centrifugal 
governor for small steam turbines. It will be 
obvious that the complete cage, which has to be 
virtually a solid piece of metal could not possibly 
be made from a single piece, as the machining of it 
would be out of the question. Made in two parts, 
however, as shown, the machining is simple and 
straightforward, and the parts are permanently 
united without the drawbacks which would attach 
to a screwed connection. The joint is perfectly 
neat and as strong as the solid metal, and being 
unfouled by flux residues requires no cleaning or 
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plied through mains from the adjoining works of 
the British Oxygen Co., and the muffler and other 
furnaces are fired by Mond Gas also from mains, 
thus placing the Hyde Company in a favourable 
position for economical working. The process 
can of course be “ bottle fed’’ with hydrogen, but 
this method has obvious disadvantages. 





British Propuction or Pie Iron anv STEEL. 
production of pig-iron in July amounted to only 10,200 
tons, compared with 386,000 tons in March and 750,600 
tons in July last year. The production of steel ingots 
and castings amounted to 117,200 tons, compared with 
359,100 tons in March and 78,900 tons in July last 
year. At the end of July, 15 blast furnaces were in 
operation, compared with 109 immediately before the 
coal stoppage and 299 last July. Of the pig-iron pro- 
duced in July, 3,300 tons were basic, 2,600 tons foundry, 
600 tons forge and 3,700 tons ‘‘ other qualities.’’ 


—The 


THe Dicto Catt System.—A system of calling to 
members of a works staff wherever they may happen 
to be has been brought out by Messrs. Dictagraph Tele- 
phones, Limited, Amelia-road, Mitcham-road, Croydon, 
Surrey. This system consists in placing instruments 
of various kinds selected according to situation about 
the works or offices, so that the whole area is within 
audible distance of signals emitted by one or other of 
them. These instruments consist of bells, buzzers and 
horns, the former being used for quiet parts of the 
works, and the others for the noiser sections, or out-of- 
doors. These callers are connected with an operating 
instrument in the office, provided with eight code keys, 
sufficient to call by code 45 different individuals, The 
keys are depressed so as to read the code number of the 
person required, and a starting key is turned when the 
code number is called immediately and simultaneously 
all over the works. The starting key has a 
and the call will be automatically repeated by the 
instrument any number of times up to seven, according 
to the position in which this key is set by the operator. 
If a reply is received before all calls have been sounded, 
the operator can immediately cancel the remainder. 


CARGO STEAMERS FOR THE PARIS, LYONS 
AND MEDITERRANEAN RAILWAY. 


THRE cargo vessel illustrated by the elevation and 
deck plans reproduced on page 340, is one of eight build - 
ing at the Cleveland Dockyard of Sir Raylton Dixon 
and Co., Limited, Middlesbrough-on-Tees, for the Paris, 
Lyons and Mediterranean Railway whose shipping busi- 
ness is managed by their subsidiary company, La Société 
Nationale d’Affrétements. The photograph repro- 
duced in Fig. 1 on Plate XIX, which shows the general 
appearance of the “ P.L.M. 20,” was taken during the 
official trials of that vessel, when a speed of 11} knots 
was obtained on the measured mile with the ship in 
ballast draught, while with 7,500 tons deadweight on 
board, a mean speed of over 114 knots was reached. 

The vessel, which was designed by Captain Veyrat, 
of the Société Nationale d’ Affrétements, has been built 
under special survey to receive Lloyd’s highest classifi- 
cation as well as to comply with the requirements of 
the French shipping laws. Her principal dimensions 
are 400 ft. long, 56 ft. beam and 31 ft. moulded depth, 
while her deadweight carrying capacity is about 8,800 
tons. As shown in the illustrations Figs. 3 to 5, on 
page 340, the vessel is of the single-deck type, and 
is constructed on the builders well-known system of 
cantilever framing, which has many advantages for 
the transport of coal, ore and other bulk cargoes. 
This system of construction, it may be pointed out, 
renders the ship completely self trimming and enables 
the holds, of which there are four in the vessel we are 
describing, to be constructed without any beams, 

illars, wide stringers, web frames, or other obstructions. 

he construction is most clearly shown in the transverse 
section, Fig. 2 on Plate XIX, which also gives the scant- 
lings. The left-hand part of this figure is a midship 
section through the No. 3 hold, while the right-hand 
portion is a section in way of the bunkers, The clear 
cargo space and the large lomtreas should be particu- 
larly noticed, as also should be the top-side tanks which 
can be used either for water ballast or for on fuel 
oil, molasses or other liquid cargo, without interfering 
in any way with the cargo carried in the holds, Water 
ballast is also carried in the cellular double bottom, 
the aft-peak tank and in two large fore-peak tanks, as 
well as in the top-side tanks, the total ballast capacity 
of the ship being about 3,500 tons, which is sufficient 
to enable satisfactory voyages to be made under light 
conditions. A further advantage of the cantilever 
type of construction is that the top-side tanks are 
exempted from tonnage measurement, 

Two masts and six derrick posts, fitted with “ Cy- 
clops’’ winches and derricks, are provided for loading 
and discharging the cargo, the centre derricks on the 
masts being arranged for heavy lifts up to 10 tons. The 
whole arrangements are designed so that the ship can 
be loaded and discharged either by means of grabs 
operated by cranes on shore or by means of her own 
gear. The four steel gantries visible in Fig. 1 are 
provided for securing the Hogg-Carr hatchway covers 
in the vertical position. Accommodation for the cap- 
tain is provided in a large house on the lower bridge, 
a plan of which is given in Fig. 4, and over this is t 
wireless cabin, chart house and navigation bridge. 
The officers’ accommodation is situated on the bridge 
deck, while engineers and petty officers are located on 
the poop deck at the casing sides, and the crew are 
berthed in the poop *tween decks. Five boats in all 
are provided, two being suspended from Welin davite 
on the lower bridge, while two dinghies and a 14 ft. 
shore boat are carried on the after boat deck. The 
ship is lighted electrically throughout, and electric fans 
are fitted in the cabins; mechanical ventilation is pro- 
vided in the crews’ quarters and engine room. 

On page 348 we illustrate the propelling machinery 
of the vessel which was constructed by the North- 
Eastern Marine Engineering Co., Limited, of Wallsend- 
on-Tyne. The main engine, which drives a single 
screw and is illustrated in Fig. 6, is of the quadruple- 
expansion type balanced on the Yarrow, Schlick and 
Tweedy sysvem. The four cylinders are 23 in., 
324 in,, 47 in. and 68. in diameter, with a piston 
stroke of 48 in., and the engine is capable of developing 
2,800 i.h.p. at 75 r.p.m. when supplied with steam at 
220 Ib. per square inch. Steam is distributed to the 
high pressure and first intermediate pressure cylinders 
by means of piston valves, while double-ported slide 
valves fitted with balancing pistons are used for the 
second-intermediaté and low-pressure cylinders. A 
Brown reversing engine of the steam-hydraulic type is 
mounted on the back of the main engine, and the thrust 
block is of the Michell single-collar type. The main 
condenser is of the “ Contraflo” type and is provided 
with a kinetic air ejector; the air pump and two bilge 
pumps are driven from the high-pressure crosshead as 
can seen in Fig. 6. This arrangement, it may be 
added, is necessary since the engines are placed right aft 
of the vessel. The auxiliaries fitted include two Weir 
feed pumps with an automatic control tank, a pete oe 

osed 





centrifugal circulating pump driven by two enc 
engines with forced lubrication, a 300-ton ballast pump 
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DIE-SINKING MACHINE. 





CONSTRUCTED BY MESSRS. BRYANT SYMONS AND CO., ENGINEERS, LONDON. 

















* Tue interesting and useful tool we illustrate above 
has been designed and constructed by Messrs. Bryant 
Symons and Co., 320, St. John-street, Clerkenwell, 
E.C. 1., to the order of the India Office, for cutting 
the dies used in drop-forging work. Messrs, Symons, 
it will be remembered, are occupied mainly in the 
production of machine tools and light plant for special 
purposes, in which a high degree of accuracy is required, 
and most of their productions, including the tool we 
are about to describe, contain a number of ingenious 
devices not common in general engineering practice, 
Much of their work is, however, of a confidential nature, 
so that the solutions they have supplied to many 
interesting mechanical problems cannot be made 
public, but those cases in which the publication of 
design details is possible will usually repay a fairly 
careful study. 

The die-sinking machine, the general appearance of 
which is illustrated in Figs. 1 and 2, is a development 
of a pantograph profiling and engraving machine, 
a number of which have been supplied to the Royal 
Mints in London and Calcutta, and to other Govern- 
ment Departments, but it is, of course, suitable for a 
heavier class of work. As will be seen from our illus- 
trations, the machine comprises a pair of standards 
carrying a rectangular cast-iron table, the upper 
surface of which is provided with tee slots, On one 
end of the table is a pivoted knuckle joint on which the 
main arm of the machine is mounted so that it can be 
turned through a small angle in either the vertical or 























horizontal planes. The method of mounting this end 
of the arm can be most clearly seen on the right-hand 
side of Fig. 2, which also shows the screw and ring 
nut provided to enable the arm to be raised or lowered 
vertically to suit work of different heights, 

The other end of the arm is clamped to a vertical 
telescopic tube in which is a rod surrounded by a 
helical spring and terminating, at its lower end, in a 
fork carrying a Skefko ball bearing. The outer ring of 
this bearing rests on the table, and practically the whole 
of the weight of the free end of the arm is trans- 
mitted to it through the medium of the helical spring. 
Screwed on to the upper end of the rod above 
referred to, which projects above the upper end of 
the tube, is a steel cylinder having a rack cut on 
one side; this cylinder is a sliding fit in a sleeve, 
the lower end of which is clamped on to the telescopic 
tube. The sleeve carries a pinion gearing with the 
rack on the cylinder, and by turning this pinion, by 
means of the lever shown in the top right-hand 
corner of Fig. 1, the outer end of the arm can be 
raised or lowered, or, rather, the whole arm can be 
turned through a small angle in the vertical plane. 

Lateral movement, i.e., angular motion in the 
horizontal plane, is imparted to the arm by means of a 
carriage gibbed on to sliding ways formed on one end 
of the table, as shown in both the half-tone engravings. 
A vertical blade pivoted to the carriage fits into a 
slotted bracket projecting from the arm, the arrange- 
ment permitting the latter to move in the are of a 
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circle while the carriage travels in a straight line. 
The carriage is operated by means of a hand wheel, 
rack and pinion, as will be obvious from the illustra- 
tions. In this motion, the arm runs on the Skefko 
bearing above mentioned, and it should be noted that, 
owing to the well-known self-aligning property of this 
particular bearing, the outer ring always remains in 
perfect line contact with the table irrespective of the 
slight tilting of the telescopic tube which takes place 
when the end of the arm is raised or lowered, The 
rectangular objects at the lower end of the tube, which 
hide the ball bearing in our illustrations, are wipers 
composed of stiff rubber sheeting, and their object is to 
remove chips, and other foreign matter, from the path 
of the bearing. The horizontal rod seen projecting 
from the end of the arm on the right of Fig. 1 is pro- 
vided to serve as a convenient handle for assisting 
the movement of the arm either vertically or 
horizontally, 

Mounted on the arm are two heads, both of which 
are: of exactly similar construction, that nearest the 
knuckle joint Gee the cutting head and the other, the 
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copying head. Each head, one of which is shown in 
section in Fig. 4, carries a vertical spindle running in 
adjustable bearings and fitted with a collet chuck ; a ball 
thrust washer is fitted at the upper end of each spindle 
to take the vertical thrust. The spindles are driven by 
helical gearing from a shaft which is itself driven by belt 
from a two-speed overhead countershaft. The spring- 
mounted jockey pulleys fixed on to the floor, as shown in 
Fig. 2, enable the driving pulley to follow the movement 
of the main arm without throwing off the belt. The 
spindle speeds provided are 400 r.p.m. and 600 r.p.m., 
and these are found to cover all ordinary requirements. 

From our description of the movements of the 
main arm, it will be understood that the cutting 
spindle will follow the motion of the copying spindle 
both laterally and vertically, on a scale which depends 
only on the ratio of the distances of those spindles 
from the knuckle joint. It will, however, be obvious 
that a similar correspondence between the radial 
movements of the two heads, é.e., their longitudinal 
movement along the main arm, is also necessary. 
For this purpose the heads are connected by a 


of pantograph amms visible in Fig. 2, but more eealy 
shown in the plan given in Fig. 3. By inserting pins 


in holes fitted with ened steel bushes in the panto- 
graph arms, the radial movement of the cutting spindle 
can be made either }, §, }, §, or } of that of the copying 
spindle, and the copy must therefore be inate to 
dimensions in inverse ratio to whichever of these 
scales it is the most convenient toadopt. As shownin 
our engravings, the machine is to cut a die 
half the size of the copy, and it will be noticed that 
the distance from the axis of the knuckle joint to that 
of the cutting spindle is half that from the knuckle 
joint to the copying spindle. 

In actual use, the copying spindle is moved backwards 
and forwards across the copy by means of the hand- 
wheel and carriage on the end of the table. It is also 
moved in a radial direction along the arm as the work 
progresses, by means of the hand-wheel shown in the 
centre of the arm in Fig. 1. This hand-wheel, it should 
be explained, is not directly connected to the cutting 
head, although it happens to be in close proximity 
to the latter in the illustration. Actually it is con- 
nected by reduction gearing to a pinion gearing with 
a rack which slides on the arm and is attached to the 
copying head, so that the latter is moved directly 
and the cutting head follows the movement on a reduced 
scale by means of the pantograph mechanism. An 
inspection of Figs, 1, 3 and 4 will make the arrangement 
clear. It will now be evident that the position of the 
cutting spindle relatively to the work must always 
correspond with that of the copying spindle to the copy. 
The copying spindle must, a course, be fitted with a 
tracing pin of similar shape to that of the cutter em- 
ployed, and the dimensions of the pin must have the 
same ratio to the copy as the cutter has to the work. 

Vertical feed for the cutting spindle, and vertical 
adjustment for the copying spindle, are obtained by 
means of hand-wheels and screws, as will be clear from 
Fig. 4, and micrometer measuring collars are provided 
so that these adjustments can be effected in the correct 
ratio. Usually it is found preferable to let the copying 
spindle rotate equally with the cutting spindle, since the 
tracing pin seems to follow the copy more easily and 
closely when rotating than when stationary. LKither 

indle can, however, be disconnected from the driving 

t by raising the gear on the former out of engage- 
ment with that on the latter. This disengagement is 
most easily effected by swinging back a cover plate 
fitted over the gear on the vertical spindle, as shown in 
section in Fig. 4, and giving the shaft a partial turn in 
the reverse direction by pulling on the belt. The 
thrust causes the gear to rise and the cover plate is then 
replaced so as to keep it in the raised position out of 
engagement with the gear on the driving shaft. 

The machine is intended to be operated by native 
labour in India, and it is to render its working as 
simple as possible that hand-operated feeds have been 
employed ; either radial or transverse feeds can, how- 
ever, be made automatic if desired. The copy is usually 
an iron casting, not necessarily machined, but it is 
possible to employ a hard wood copy if the latter is 
carefully handled. If a light fini cut is used, 
very little hand work will be necessary to render the 
die ready for use, The machine is obviously particu- 
larly useful where a number »f dies of the same sha 
and size have to be cut, but for —s only one die, 
the time and labour saving effected by it is quite 
sufficient to justify its employment. The slotted 
Ty of the table, in the mothing illustrated, measures 

ft. 4 in. by 2 ft. 4 in., and dies can be cut on it up 
to about 12 in. square, measured on the actual 
impression, About 1 h.p. is required to drive the tool. 





InstiruTIoN oF Nava Arocurrects’ ScHOLARSHIP 
(1921) anp Eart or Dursam Prize.—The Institution 
of Naval Architects’ Scholarship (1921) has been awarded 
by the Council of the Institution to Mr. 8. A. Hodges, 
and the Earl of Durham Prize to Mr. T. A. Davies, both 
of H.M. Dockyard, Portsmouth. 





THE LIFE OF COAL-GAS METERS, 

THE re of the Joint Committee of the Institution 
of Gas ineers and of the Society of British Gas 
Industries, on the “ Life of Gas Meters,” which has 
now been released for publication and will come up 
for discussion at the October meeting of the Gas 
Engineers, is not a statistical document, but a report 
dealing with the results of enquirics into the corrosion 
of gas meters and into the prevention of corrosion. 
One of the five sections of the report, which was 
drawn up by Mr. J. G. Taplay, gives an account of a 
comparison of notes with a similar committee of the 
American Gas Association, and embodies extracts of 
the American reports of the years 1916 to 1920. The 
chief corrosive constituents of modern coal-gas are 
a acid, salts of ammonia, carbon disul- 
phide, cen dioxide and sulphur dioxide, all 
especially ul in the presence of moisture. Most 
of these constituents which cannot all be styled 
impurities, can be rendered harmless; hydrocyanic 
acid still. causes difficulties, mainly because it is an 
acid—the poisonous character of prussic acid hardly 
matters—but successful cures have quite recently been 
worked out in the laboratory at any rate, 

Many of the troubles have become more serious 
with the changes in the constitution of our gas. Blue 
water gas should not be allowed to go forward with 
an acid reaction. Carburetted gas is mostly neutral, 
but only when 14 gallons or 2 gallons of oil are added 
to 1,000 cub. ft. of the blue gas to be carburetted ; 
that figure is higher than has been deemed neces- 
sary, but even then the neutrality will depend upon 
the amount of sulphur present in the coke and in 
the oil. The iron oxide in the gas purifier should 
be maintained alkaline; this can be done with the 
aid of lime, and to avoid the liberation by the lime of 
ammonia, which would cause a back pressure, one tier 
in each purifier should be taken up by broken-up lum 
of chalk kept o by being mixed with breeze; the 
chalk absor the. SOe. Artificial oxides should be 
carefully analysed before use, as they may contain inert 
and pernicious constituents (e.g., calcium sulphate, 
sulphuric acid, &c.). The sulphur dioxide in the blue 
gas may be removed by washing the gas with a solution 
of soda ash; the carburetting helps to produce 
neutrality because the cracking of the nitrogeneous 
materials in the oil gives rise to the production of 
ammonia, This cracked tar can, however, also lead 
to stoppages of pipes, generally attributed to naphtha- 
lene ; the tar is burnt when the temperature gets high 
and the retorts become leaky—there have been many 
complaints about inferior retorts of late. High pres- 
sure distribution aggravates some of the evils, but it 
also provides the remedy; for the pressure can be 
raised above that required for distribution, and the 
gas can then be cooled and condensed before expansion 
into the mains, 

The location of the meter is a matter of import- 
ance ; the meters should not be fixed in cold, damp 
and draughty places, and attention should be paid 
to external rusting. Where wet meters are in use, 
the water should be completely changed occasionally ; 
otherwise serious trouble may develop. 

Of the metals tested, tinplate showed the least power 
of resistance. When intermittently exposed to air, being 
partly immersed in water saturated with carbon dioxide 
or in a solution containing the reaction products of 
carbon disulphide and ammonia, the tinplate was badly 
pitted in half a year in the first case, and disappeared 
completely in the second case. Plate coated with 
lead or with an alloy of zinc and lead, gave much 
better results, and some special metals, such as armco 
(pure) iron coated with lead-tin alloy, came through 
the test in a very fair condition. Aluminium passed 
the tests unaffected. 

With respect to the spraying of the meters for their 
lubrication and protection, the Committee has been 
making inquiries which, on the whole, seem favourable 
to the spraying. Plants for spraying, by hand or 
machinery, have been installed by more than a hundred 
gas undertakings. The oil spray is not only to clean 
and to lubricate the slide-valves, but also to maintain 
the suppleness of the diaphragm and to coat the 
interior of the case with a protective film. A heavy 
oil of paraffin base should answer, provided it will 
not polymerise and turn sticky; a light oil might 
tend to wash the dressing off the leather and the 
from the stuffing boxes. Much will depend upon the 
suitability of the oil; the Committee recommends a 
mineral oil of high boiling point and density (prefer- 
ably above 0-85) which will not ultimately leave a 
gummy residue. One of the specific questions put on 
the inquiry sheet was: ‘If you atomise or vaporise 
paraffin burning oil (such as Royal day light) into your 
mains, are you able to trace any benefit to consumers’ 
meters thereby ?” and the replies were mostly in the 
affirmative. Sus firm has resorted to spraying for,as 
long as 12 years with the object of eliminating naphtha- 
lene and keeping the diaphragms in good condition ; 
another firm have had four sprayed diaphragms, in 





continuous use since 1907, and still in good condition. 
Only a few replies were to the contrary; one con- 
sidered all cleansing oils as detrimental to the life of 
the meter; another complained that they had had to 
exchange an enormous number of meters in conse- 
quence of leaky stuffing boxes—an unusual complaint 
which may have been due to other causes. Only two 
meter makers were against spraying, because it affected 
the tests, the same meter recording differently before 
and after spraying, and because the records varied 


tly. 

orThis leads us to the standpoint of the consumer who 
has to pay for the number of cubic feet registered by 
the meter. Nobody denies that meters may be erratic ; 
hard and stiff leathers tend to register fast, worn and 
dirty valves are apt to be slow, and the subsequent 
testing of a meter under suspicion is not-always con- 
vincing. The details of the American reports are 
interesting in this respect, though the is, of 
course, not quite the same in England as in America. 

point out that idle meters are subject to severe 
conditions, that air should be kept off the interior 
mechanism, and the inlet and outlet should immediately 
be “‘ capped ’’ upon removal from service and be kept 
cap up to the time of testing and subsequently. 
The total effect of applying oil to the valves of meters, 
by a spray or fog introduced into the meter inlet or 


outlet, was to make the oiled meter by about 1 per cent. 
faster. 


This is not serious, considering that the 
American practice seems to admit of + 2 per cent. of 
errorin gas meters ; but it isnot to be disregarded, and 
greater errors, no doubt, do occur. 

As regards the standardisation of dry meters, the 
Committee has drawn up new lists. The meters are 
now rated, not by the number of lights, but simply in 
cubic feet per hour. This capacity per hour rises from 
No. 1, 30 cub. ft., to No. 12, 3,000 cub. ft., while 
the bores of the connections increase from in. to 5 in., 
the capacity per revolution is increased from } cub. ft. 
to 25 cub. ft., and the revolutions per hour are dimin- 
ished from 240 to 120. Section 4 of the report deals 
with an amendment to the Sales of Gas Act, which 
came into force in March last. There is little said in 
the report on the actual life of gas meters. The 
Americans consider a period of 10 years sufficiently 
long before re-examination and repair of a meter. 
British meter makers probably share that opinion, 
but gas companies may differ, and there seems to be 
no rule as to the time limit of overhauling tests. The 
war has brought so many changes into the gas industry, 
that this period will also require regulation. 





REGENERATION OF MANGANESE-DIOXIDE 
ELECTRODES. 

THE common dry cell is a primary battery of the 
Leclanché type. The electrodes are zinc in ammonium 
chloride, and carbon packed with manganese dioxide ; 
the zinc is dissolved and the hydrogen liberated at the 
carbon terminal is re-oxidised by the depolariser, the 
manganese dioxide, which is itself reduced to man- 
ganese oxide by doing its duty. In the dry cell the 
ammonium chloride is made into a paste with flour, 
gelatin, plaster, &c., and the porous pot for the carbon 
and the dioxide of the wet cell is replaced by a bag or 
sack. In normal times dry cells are so inexpensive 
that a well-known English text-book of 1916 on primary 
batteries did not refer to the regeneration of dry cells at 
all. The cell was, and is, simply discarded when the 
potential difference at the terminals has run down 
from 1-5 volt to about 0-8 volt. During the war, 
however, managanese became so scanty and precious 
on the Continent, that attempts were made to re- 

merate dry cells, t.e., the exhausted depolariser. 
The regeneration, one might think, simply means a 
re-oxidation of the manganese oxide. That is only 
partly correct. Recent experiments, notably by R. 
Nowotny, of Vienna (Elektrotechnik und Masch- 
inenbau, July 17, pages 349 to 354), tend to show that 
the cleaning of the electrodes and the removal of 
deposits clogging the pores of the pot or bag and 
of the depolariser itself are more important than 
the actual re-oxidation of the manganese. This is 
fortunate ; for the re-oxidation cannot be effected by 
simple chemical means, and the effective electrolytic 
treatment could hardly survive war conditions. 

In his tests Nowotny takes new and old cells, short- 
circuits them through 20 ohms and determines the 
potentials at intervals for 40 days, when the cells will 
be exhausted. The two processes first tried, of R. 
Lohnstein and of R. Gollmer, treat the bags with 
sulphuric acid, a rather strong acid being used for 
two daysin the former case, a weaker acid (10 per cent.) 
for two hours followed by washing and drying for 
weeks in the latter, more elaborate method. Nowotny 
observed that the treatment indeed raised the potential 
difference to two volts, because, he suggests, the newly- 
built up cell is really a zinc-carbon couple in sulphuric 
acid, as long as the acid has not decomposed the am- 
monium chloride. But the subsequent exhaustion under 
his test conditions was rather rapid, whilst under 
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the less severe intermittent service of the cells in prac- 
tice fairly satisfactory results are said to have been 
obtained. He ascribes the success rather to the 
solubility in the acid of the double zinc-ammonium 
chloride—a salt which forms an incrustation in the 
cell, being insoluble in the cold ammonium chloride 
of the cell—and to the clearing of the pores than to any 
noteworthy re-oxidation of the manganese oxide, 








firm who made the copper, and who stated that he found, 
on examining the ves, a considerable quantity of 
saturated hops in each safety valve chest and took out 
about a couple of handfuls from each. It was not 
unusual, in his experience, to find an accumulation of 
hops in valve chests, although these were fitted at a 
height of 13 ft. above the top of the copper. In his 
sainion: these hops were carried upwards into the uptake 
Ww 

state 


to the steam jacket. The valve for controlling the 
steam to the coil was operated by means of gearing 
from the third floor'of the building. A pressure gauge, 
graded from zero to 10 lb. per square inch, was fitted 
to the uptake on the copper, and a high-pressure 
was fitted to the main steam pipe line on the Sart 
floor. 

The co was made by Messrs, Thomas Ryder 
and Co., ’ engineers, , in 1904, and 
was therefore about 16 years old at the date of the 







































































































the hops were inserted into the copper in a dry 


is also produced by i iti , and were su uently saturated by the 
i mS ae eee a oe explosion. Early in September, 1920, 16 of the bolts | vapour or steam given oft trons the liquor in the copper 
The assumption seems justified in view of the efficac wah pose: meet bo secure the cover in place, were | when boiling. bolts for securing in place the covers 


renewed, There was fo record of any other repair 
having been carried out. The pupae was not i 

but was periodically examined by Mr. John Hutton and 
Mr. Minchin, the head and assistant brewer respectively, 
and by Mr. Holt, the engineer at the brewery. 

The explosion was of a violent nature; the whole of 
the bolts securing the cover fractured, and the cover 
was forced up to roof, the uptake immediately above 
the cover being severely telescoped. 

With regard to the cause of the explosion, the bolts 
which were used to secure the cover in place were in @ 
defective condition, and it is probable that the safety 
valyes were either completely choked or partly so, and 

was generated in the copper sufficiently high 


of the coppers at the brewery were e of cast brass, 
and so far as he was aware no trouble was experienced 
with these bolts at joey oy When first made the coppers 
at @ pressure of 14 lb. per square 

inch, but some months later the was increased 
to 2} Ib. per square inch, and the safety valves were 
ingly adjus' ts being made for one 
safety valve to lift at a pressure of 24 Ib. per square 
inch and the other at 3 Ib. per square inch. When the 
capes were Sant SS 6 eee a 
fitted to the uptake of each copper in way of the fourth 
floor, to be in sight of the brewers in that room, and to 


act as a on t) “E ” pressure one 
spree : nok ing SRS EC ew 
eS = = » thee Ly Spaniel od re report | 8™me time prior to the explosion, and no record appeared 
furnished by tr Bos. : to mage, bone kept as to when or why they been 

In these remarks it is stated that the copper from which | ™’™ovee. . 
the explosion occurred was one of three similar vessels |. Mr. Coo ye yh ch ae he made > careful 
fittedin the brewing department and was known as No, 2 pe pu apg st be 4 thie i or apr Rete 
copper. On account of its extreme height the copper gre aegd eS Ee i in 0 dot +i “vy ; a, 
and its connections extended through three floors of ‘were spparently in & defective condition before 
the brewery. It was used for boiling new beer, tech-| *2¢ explosion took place. The existence of old flaws 
nically known as “‘ wort,”’ the copper bei sometimes could be distinctly seen, and the mechanical tests which 
called a “ wort pan »” The operation of brewi is were afterwards made from several of the broken bolts 
described in the report as follows: “ Malt and liquor|Bfrmed this view. ‘The whole of the broken bolts 
are mixed in the mash tun and are then drained away =~ peed A — a eg of them having been lost 
through a number of tubes into a small tank, from} ® “ 
whence the mixture is run into the copper at a tem- ne eee <r Ae ber soe Gaale ee made 

rature of about 170 deg. F, The copper is steam | ° : b pa age cehaonet tik ttee st gy and t Pag — 
jacketed at the base, and is covered with about 3in. of | °™¢ °Y alusion tik pA f the b aeveyee 
non-conducting material and fitted with a steam coil | 8*#t* in con mn ea Sheir sstiey ees = 
to keep the liquor at a high temperature, and ultimately boili rens Pie = with . a bie oo 
to boil it. As soon as the coil is covered by the liquor | Gatekeuan — pf vale yy > presume 
entering the copper, steam is turned on to the coil, the bog - y = » anew being 
valve being opened sufficient to admit enough steam to | moved from the system, the outlet to the atmosphere 
keep the 1 quor at @ temperature approaching boiling being free. In the meantime the safety valves of the 
point. While the liquor is running into the other coppers have been overhauled and new bolts 
through the filling pipe, dry hops are added through the gg eer to the ga 1 Chiel to the Beard 
pa. cree ntities to suit the intended | .4Trqdoin his “ cbservations” reapeoting hie assistants 
gravity of the brew. It is usual to run into the copper sepebt, cashes the . rll pg. view ditibe 
obstruction by hops to which the valves were liable 
pn dhe we Re sa etn Mterendl- Boden ys 
seems e that the copper was tly su 
too Gad pecarate Shah cas inteae tie Wendie 
pressure gauge was inaccurate, and such over-pressure 
would not have been detected by its means, It was 
unfortunate that the mercurial gauge, originally fitted, 
had been removed, as this type o! is sensitive 
and accurate, and particularly well for the 
registration of low pressures such as occurred in the 
copper; and if the process of boiling described is con- 
tinued it should be replaced. 

“The bolts securing the cover were possibly lacking 
to some extent in toughness and ductility, which are 
desirable qualities in material subjected to varying 
tensile stresses. They were, however, under normal 
conditions, not unduly stressed, and it is probable that 
their complete and almost simultaneous breakdown was 
in some measure due to over-pressure in the copper, 
and also to a fatigued condition resulting from the heavy 
stresses, cross-breaking to some considerable extent, 
set up by repeated over-pressure in the copper, and dis- 
tortion of the thin cover. 

“The explosion caused the loss of two lives in ve 
distressing circumstances, and it is hoped that suc 
serious consequences will have some effect in drawing 
attention to the necessity of maintaining relief valves 
and pressure gauges in good working order. 

- Bn the whole it would be safer to convert the coppers 
into open vessels if such conversion will give efficient 
working results.’’ 


of other regeneration processes in which a reoxidation 
of oxide could hardly take place. The 
supe’ y-cleansed bags are boiled in ammonium 
chloride ; the dried mass is then ground up and again 
compressed in bags. The treatment, which was adopted 
in Germany, is not economical, since it practically 
means making new electrodes out of old materials ; 
but the essence of the process seems to lie in the 
cleaning and boiling in ammonium chloride. Nowotny 
boiled the cleaned twice for two hours in a solu- 
tion of 10 per cent., and then washed the bags; the 
so-treated cells gave 88 per cent. of the watt-hours of 
new cells. Moreover, Olivier, an official in the German 
telegraph department, who had, since 1917, regenerated 
some 12,000 dry cells by an electrolytic method, 
admitted, early in 1920, that the electrolytic oxidation 
of the manganese did not appear to be essential to his 
process, by which he prolonged the life of the cells 
by 12 months and more. He charges the cleaned cells 
like accumulators, in water to which ammonium 
chloride is added, by currents of 0-2 ampere for 20 hours 
renewing the electrolyte. A similar electrolytic pro- 
cess of Friedrich was adopted by the department in 
their works at Berlin, Hamburg and Dortmund, after 
trying various other processes which proved failures. 
Nowotny himself made his cell-charging experiments 
in sulphuric acid. He noticed a temporary rise in the 
electromotive force and a decided increase in the pro- 
portion of manganese dioxide in the depolariser, as 
one would expect; all the same, his regenerated cells 
did not keep their superiority long. It is interesting 
to read that in the stress of time some small German 
stations had to rely entirely on regenerated cells, and 
that they could work withthem. Thus, regeneration of 
dry cells by simple means seems possible. 





sufficient liquor for 150 barrels, that is 5,400 gallons, 
EXPLOSION OF A BREWING OOPPER. this quantity is obtained when the level in the copper 

A PRELIMINARY inquiry has been conducted by the | has reached a height about 2 ft. below the manhole, and 
Board of Trade under the provisions of the Boiler Ex-| the brewer has a wooden gauge or ‘dipstick’ orange 


plosions Acts, 1882 and 1890, with regard to the explosion ; . 
of a brewer’s copper which occurred on December 22, | the liquor in the copper. When the requisite quantit 

1920, at the Leigh Brewery, Leigh, Lancashire, owned by | of liquor is present in the ore the supply is shut o 

Messrs. George Shaw and Co., Limited. The report on} from the mash tun and the filling cock is shut. The 
the examination made by Mr. Alfred E. Coe, Surveyor | manhole door is closed down and secured, and the steam 
to the Board of Trade, has recently been published, and is then turned fully on to the coil. The brewer then 
closes the butterfly valve or damper fitted in the exhaust 


to it we are indebted for the following particulars. c 

The explosion ap to have of a serious | trunk, and when steam issues from the test cock closes 
nature, inasmuch as re W. H. Boyes, assistant engineer | this and waits for the safety valves to lift, indicating 
at the brewery, and Mr. Morris Sabor, forwarding clerk | that the maximum pressure has been reached in the 
for Messrs. Hamlyn and Co., brewers’ grain merchants, | copper, and he then partly closes the steam valve to 
the coil and regulates the amount of opening by the 


of Manchester, were both ypry: 4 scalded and died ‘and 
from their injuries and shock at the Leigh Infirmary, | pressure indicated on the steam pressure gauge.” 
After referring to other matters, Mr. Coe goes on to 


the former on December 24 and the latter at 8.30 p.m. 
on December 22, the day of the explosion. say that the brewing plant was under the general super- 
The copper was 12 ft. in diameter internally, and the} vision of Mr. Hutton, the head brewer, who on the 
shell, which was 9 ft. in height, was made up of wrought- | morning of the explosion visited the various parts of 
steel plates g in. in thickness, connected together by] the building in which the brewing plant is situated, and 
was present in the copper room about five minutes 


single butt straps 4 in. in thickness and 5 in. in breadth, 
before the explosion took place. He did not notice 


fitted externally, and single-riveted with rivets § in. in 
diameter, pitched 2} in. apart. The dished base was] anything unusual at the time, and apparently nothing 
made up of four steel plates also } in. in thickness, and | was wrong with the copper in question, No. 2. He was 
fitted with single butt strap joints, and was connected | called away and subsequently heard the sound of the 
to the shell by a single-riveted lap seam. An internal | explosion, and on returning to the brewhouse found that 
wrought steel plate, riveted to the base and supported|the copper had failed, as mentioned in the report. 
by the usual stays, formed a steam jacket at the lower |Search was then made to ascertain if anyone had n 
extremity. An angle iron ring, 3 in. by 3 in. by 4 in.,] injured, and it was found that two men, Mr. Boyes and 
was riveted to the top of the shell, and to this ring the | Mr. Sabor, both of whom were on the second floor when 
cover was yrs 128 Muntz metal bolts § in. in] the explosion occurred, had been severely scalded by 
diameter. The domed cover was made up of eight sheets | the liquor which had overflowed from the copper after 
of copper 10 S.W.G., or +128 in. in thickness, riveted | the cover had been blown away, and found its way down 
together by copper rivets d in. in diameter pitched] through an annular space, about 8 in, in width, round 
the shell of the copper, into the second floor of the 
building. Mr. Boyes was at work on this floor, and Mr. 
© cover was secured to the angle ring, the bolts passing | Sabor was apparently sitting on the window sill imme- 
through the ring cover and angle bar. A manhole] diately below the copper, having his lunch preparatory 
20 in. in diameter was cut in the cover, and compensation | to starting work at noon. Both men had their injuries 
was provided by a brass ring riveted to the cover, which | attended to at the brewery and were then removed to 
was fitted with a hinged lid secured by dog stays. A| the infirmary, where they both succumbed to scalds and 
throat piece 24in. in diameter was riveted to the top| shock. ‘ 
of the cover, and attached to this was a thin sheet steel] After dealing at some length with the evidence of the 
trunk or uptake of similar diameter, made from plates] assistant brewer, the report states that some time early 
4 in. in thickness, This uptake was about 13 ft. in height|in December both the brewer and his assistant noticed 
and conveyed any steam generated in the copper to the| that steam was leaking from the cover of No. 2 copper, 
exhaust line of pipes, a butterfly valve being fitted to| and the matter was reported to Mr. Holt, the engineer. 
the branch pipe leading from the uptake to the exhaust | He states that he removed 16 bolts with the help of the 
pipe. At the top of the uptake two safety valves, each | late Mr. Boyes, and found that the whole of these were 
5 in. in diameter—one of the lever and one of the dead-| badly stretched, and that two of them were almost at 
weight type—were fitted, the former valve discharging hovaking point at the root of the thread, He renewed 
into the exhaust pipe and the exhaust from the latter] the whole of these bolts, and this stopped the leakage 
leading through a pipe into the atmosphere. A small|from the joint. Mr. Holt had held the position of 
atmospheric non-return valve was also fitted to the| engineer at the brewery for the last four years and stated 
cover on the top of the uptake.’ that no other repair to No, 2 copper had been carried 
A coil, composed of seven turns of 3-in. copper pipe, | out during that period, and the joint on the cover had 
was fitted at the bottom of the copper for heating the| not been remade during that time. 
liquid, and was supplied with steam at of| The report then deals with the question of the safety 
100 Ib. per square inch, a similar pressure being applied | valves and the evidence of Mr. Ryder, a member of the 


4 





Puate Graver Srans ror New ZeALtanp.—The 
Public Works Department of New Zealand invites 
tenders until October 4 next for the supply and delivery 
of plate girder spans for the Tarawera and Rangitaiki 
Uetliges. eT he estimated net finished weight of the 
apr including holding-down bolts, is about 200 tons. 

copy of the conditions of tender, specification and 
blue prints may be seen by United yy ee manufac- 
turers interested on application to the ment of 
Pann Trade (Room 50a), 35, Old Queen-street, 

.W.1, 


1} in, apart, and a brass stiffening ring 5 in. broad and 
¥ in. in thickness was fitted above the flange by which 
t 


Resistance oF Seventum.—Taking electrodes . of 
_S alone of all the metals does not seem to 
attacked by liquid selenium—H. Pélabon (Comptes 
Rendus) has determined the electric resistance of fused 
selenium. As the selenium is heated its resistance falls 
off rapidly. He observed at temperatures of 390 deg., 
412 deg., 465 deg., 540 deg., 645 deg. and 600 deg. C. 
specific resistances of 76,650 ohms, 38,925 ohms, 12,300 
ohms, 2,247 ohms, 237 ohms and 88 ohms. Plotted on 
a logarithmic scale these fi lie on @ straight line. 
In ing, Pélabon shoauet the same values again down 


to about deg. C.; then the diminution of the resistance 
was so sudden that determinations could not be made. 


Selenium is ly stated to melt at 217 deg. C, ; it 
| om C., according to Pélabon. ” 


boils at 690 
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STILL OIL 


ENGINE FOR MARINE PROPULSION. 


CONSTRUCTED BY MESSRS. SCOTTS SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GREENOCK. 
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Fig. 1. 


A DEPUTATION of engineers representing Government 
and commercial interests in France recently visited 
this country to report on the Still engine, and in the 
course of their investigations, carried out tests on 
the experimental engine designed and built by Messrs. 
Scotts’ Shipbuilding and Engineering Company, 
Limited, of Greenock. This engine is, we understand, 
the largest ef the type so far constructed, and is of 
the slow running marine type suitable for the merchant 
service. It has been constructed under license of the 
Still Engine Company, Limited, 7, Princes Street, 
Westminster. 

Before giving extracts from the report of this deputa- 
tion upon these trials, a brief description of the engine 
itself will be of interest. We hope in a future issue, 
to publish particulars of other trials with drawings 
and detailed description of the engine. 

As is generally known, the Still Oil Engine is a com- 
bination of an oil engine and a steam engine. The main 
source of power is oil consumed within a cylinder for 
the down stroke, operating in this particular machine 
on the two cycle principle, while steam forms a supple- 
mentary source of power, being used for the up stroke. 
The primary aim of the design is to reduce heat losses 
to a practical minimum. Th’s is accomplished by 
raising steam as follows :—(a) By heat taken up by 
the water circulating in the cylinder jacket under 
working steam pressure. All of this heat goes to form 
steam; (6) By heat recovered from the exhaust 
gosce by means of regenerators and feed water heaters. 

ater is evaporated in the former and the feed water 
is raised to boiler temperature in the latter. 

To carry this out in practice, it is necessary to 
provide certain steam plant, and to provide steam 
inlet and exhaust valves for the cylinders. There 
are, however, certain compensating advantages, and 
the most marked of these is that no compressed air 
is required for starting and manoeuvring, because 
under these conditions, the engine is really a steam 
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TABLE Tf. 
Main Still Cylinder :; Stroke, 36 in, (915 mm.) ; bore, 22 in. (560 mm.) ; area (combustion), 380-13 sq. in, (2,455 sq. cm.) ; 
piston rod, 6} in. diameter (159 mm.) ; Low pressure steam area, 349-45 sq. in. (2,250 sq. em.). 
uxiliary High-Pressure Cylinder: Stroke, 22 in. (560 mm.); bore, 14 in. (356 mm.). 
NotTe,—Steam M.E.P. is given as referred to the combustion cylinder. The factors are : 
High-pressure steam M.E.P. + 4-05 = Referred M.E.P. 
Low-pressure steam M.E.P. + 1-09 = Referred M.E.P. 
Brake horse-power = Weight (pounds) x Revolutions — 500. 


Trials, May 10, 1921, Abstract. 



































Overload. Full Load. Half Load. | Quarter Load. 
British. Metric. British. | Metric. | British. | Metric. | British.| Metric. 
1 Average combustionM.E.P. 88-9 Ib. /sq. in. §-25 kg./em.2 81-22 5-7 54-2 3-81 40°27 | 2-83 
2 Average steam M.E.P. re- | | 
ferred H.P. 2% ..| 4°43 Ib./sq.in. | 0-311 kg./om.2 3-80 0-267 1-26 0 -0885 0-28 0-0197 
3 Average steam M.E.P. re- | 
ferred L.P. de ..| 7-36 Ib./sq. in. 0-516 kg./om.2 6-23 0-437 3-6 0-253 1-05 0-074 

4 Total M.E.P. ae . -}100 +69 Ib./sq. in. | 7-07 kg./em2 91-25 6-41 59-06 4:15 | 41-6 2-926 

5 | Revolutions per minute... 128-1 — 124-3 — 103-0 —- 84-0 _ 

6 | Brake load .. wert ae 1,500 Ib. 680 kg. 1,380 626 850 386 | 530 240 

7 Steam boiler pressure ..| 112-0 Ib./sq. in. 7-85 kg./cm2 100-0 70 108-0 7°57 | 104-0 7-3 

8 H.P. receiver ee -«| 75-0 Tb./sq. in. 5-26 kg./cm.2 57:0 4°0 23-5 1-65 _ — 

9 L.P. receiver o's -+| 11-0 Ib./sq. in. 7:72 kg./om.2 5°5 0-386 0-4 0-028 — 5-55 |— 0-39 
10 Vacuum ws Je ..| 28-0in. Hg. 711 mm. Hg. 27-5 698-0 26-6 675-0 25-3 642-0 
il Barometer .. oe es 29-87 in. 758-0 mm. 29-87in.| 758-0 |29-87in.| 758-0 29-87 in.| 758-0 
12 Water evaporated per hour 950-0 Ib. 430-0 Hg. 807-0 366-0 388-0 176-0 77-0 | 34-9 
13 | Scavenge air pressure ..| 49-0 in. water | 91-5 mm. Hg. 46-0 86-0 40-0 75-0 38-0 | 71-0 
14 H.P. for scavenging y 15-4 15-6 14-1 14-3 12-0 12-18 10-6 10-75 
15 Combustion, i.h.p. ee 394-0 400-0 849-5 354-5 192-5 195-2 116-5 118-2 
16 Total i. : ’ 446-0 453-0 392-0 398-0 210-0 213-0 120-0 121-8 
17 Engine bhp 384-0 389-0 343-0 348-0 174-0 177-0 88-5 89-7 
18 Net b.h.p 368-6 373-4 329-0 333-7 162-5 165-0 78-0 79-0 
19 Oil per hour oe és 146-6 Ib. 66-5 kg. 123-4 56-0 64-0 29-05 36-7 16-65 
20 | Oll/Combn.,i-h.p.-hour .. 0-372 Ib. 166-2 grm. 0-353] 158-0 0-332) 148-4 0-315) 140-7 
21 Oil/Total i.h.p.-hour ee 0-329 Ib. 147-0 grm. 0-315) 140-7 0:+305) 136-5 0-306 136-8 
22 Oil/engine bi: .-hour s 0-382 Ib. 171-0 grm. 0-360} 161-0 0-367) 164-0 0-415) 185-5 
23 Oil/Net b.h.p.-hour sa 0-398 Ib. 178-0 grm. 0-375) 167-5 0-394; 176-0 0-471 212-0 
24 Efficiency per cent., com- 

bustion i.h.p. sb “4 42-9 - 44-8 46-2 - 46-1 — 
25 | Efficiency per cent., engine | | 

b.h.p. “in - aad 37-0 - 39-4 - | 3-5 | — 34-0 _ 
26 | Efficiency per cent.,net b.h.p.' 35-5 — 37-7 LS ehG6s@r4d.. teskoch he® a 





Note.—Lines 17, 22, 25 refer to the engino ani all the auxiliaries except the scavenge blower, separately driven. 





Lines 18, 23, 26 are the net figures after deducting the blower power given in line 14. 
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engine with the flexibility always associated. with 
that class of machine. This makes the engine very 
easy to handle and, of course, allows it to run at very 
low speeds. Another direct result of this combination 
is that a low compression pcessure can be used with 
absolute certainty of “ firing,” the reason being that 
the cylinder walls are kept at steam temperature 
by water circulating in the jacket from the regenerator. 
During compression the air charge picks up heat from 
the walls instead of being cooled by them for the 
greater portion of the stroke, as occurs in the Diesel 
engine. The relatively low compression pressure 
enables lighter scantlings to be used, or alternatively 
provides a larger margin of safety, as the maximum 
pressure possible in the cylinder is a function of the 
compression pressure. It further provides a useful 
margin for any loss of pressure in service, as the pressure 
used in practice in this engine, although considerably 
below that of the Diesel engine practice, is well above 
the minimum pressure which will produce the tempera- 
ture required to ensure combustion. In Messrs. 
Scotts’ engine, we understand the normal compression 
pressure used is about 300 lb. per square inch. The 
engine on which the tests have been carried out at 
Messrs. Scotts works, is shown in Fig. 1 and 2, from 
which some idea of the experimental plant will be 
obtained. The engine is a single cylinder unit of 
22 in. diameter and 36 in. stroke. It is coupled to 
a Heenan and Froude water brake. An electric 
motor is also provided to absorb power when running 
astern. Scavenging air is supplied by a motor-driven 
Reavell turbo blower. This discharges into a large 
tank to minimise the fluctuations of pressure, whence 
it passes to the cylinder by way of the -bedplate and 
columns. , 


The exhaust gases pass from the engine to a regenera- 
tor (in this case a small Cochran boiler) set above the 
level of the combustion cylinder jackets. The gases 
finally pass through a feed heater on their way to the 
atmosphere. Steam is taken from the regenerator 
to the engine and expanded in two stages to the con- 
denser. To effect this, owing to the experimental 
engine having only a. single cylinder, it has 
necessary to provide a small auxiliary steam cylinder. 
This forms the high pressure cylinder and the lower 
end of the main cylinder serves as the low pressure 
cylinder, whence the steam passes to the condenser. 
Compounding in, say, a six cylinder engine would be 
secured by using the lower ends of two combustion 
cylinders as high pressure steam cylinders and those of 
the other four similar cylinders as low pressure steam 
cylinders. 

The combustion cylinder jacket, as has been stated, 
is kept under steam pressure and temperature by a 
circulation of water from the regenerator through the 
jacket, and back again; no pump is necessary, as the 
circulation is a natural thermal one. Thus, when the 
engine is cold and the burner under the regenerator 
is lighted, the water begins to circulate from the 
regenerator to the cylinder jacket, heating up the 
latter gradually until the desired steam temperature 
and pressure are reached. When the engine is running 
and the regenerator burner has been shut off, the 
circulation reverses and takes place from the cylinder 
jacket to the regenerator because of the heat added to 
the jacket water through the cylinder liner, and the 
steam produced finds its way by the pipes provided to 
the regenerator. The steam and exhaust valves are 
of the piston type, and are operated by oil under 
pressure. 

All the pumps necessary for the engine, except the 
scavenge blower, viz., the forced lubrication pump, 
valve gear oil pump, circulating pump, air pump and 
feed pump are driven from the main engine shaft. 
A complete system of oil measuring and water measur- 
ing tanks are provided, the former being visible above 
the regenerator’ level. The others are placed in the 
space beneath the regenerator. 

Special provision is made in the design of the engine 
for expansion and contraction due to heat, the com- 
bustion cylinder being held by a joint at its lower 
end only, thus being free to grow upwards as the 
temperature rises. The steam end of the cylinder is 
also free to expand. The method of transmitting 
the combustion load by means of four through bolts 
attached to the columns is indicated by the illustrations. 


The control wheels are shown in Fig. 1, the larger | 


wheel being employed to stop and. reverse the engine, 
while the smaller wheel is used for the speed regulation 
of the engine under the control of the governor. From 
the illustrations it will be gathered that there is only 
one opening at the top of the combustion cylinder, 
viz., the opening taking the fuel valve. The cylinder 
has no cover in the ordinary sense of the word, and there 
is an entire absence of cams and rods about the 
cylinder, even the fuel valve operating automatically 
by the action of the fuel pump. The engine works on 
the solid injection principle, that is to say, no air is 
par ati - atomise the oil during injection into the 
cylinder. 





The following engineers formed the deputation 
to which we : M. André, chief engineer 
(Materials and Running) of the Madrid, Saragossa and 
Alicante Railway ; M. Bochet, engineer to the Central 
Office of the French Thomson-Houston Company ; 
M. Boris, Engineer-Captain, French Navy and Member 
of the Re tions Committee ; M. Bourges, Engineer- 
Commander French Navy ; M. Terrasse, chief engineer 
of the La Société Anonyme des Ateliers et Chantiers 
de la Loire. These engineers superintended, on May 10, 
tests of the engine illustrated, and have since drawn 
up a report of which we reproduce certain sections 
below, translated into English and British measure- 
ments. We also give, on pose 344, TableiI, eourres ge 
the results. The flexibility and ease of starting 
control were particularly remarked upon. It may be 
stated that the extracts are taken from both an interim 
and a final report, the former being signed by the whole 
deputation, and the latter by M. Bochet on behalf of the 
deputation. 

The following are the extracts referred to :— 

The fuel consumption figures . . are extremely 
low. One can estimate that with a good Diesel engine, 
four-cycle, the quantity of oil consumed would have 
been at least 10 per cent., and with a two-stroke engine 
20 per cent. higher. It is further necessary to take 
into account the point that a provisional ‘single-cylinder 
installation causes losses in efficiency which would not 
be found in a complete installation intended for normal 
service. In particular the high-pressure steam cylinder 
was isolated from the group and did not completely 
benefit by the favourable conditions in which the steam 
expands in a Still cylinder. (The pressure pump for the 
oil required to operate the steam valve r was driven 
by a small auxiliary engine with a high steam con- 
sumption.)* Itis justifiable therefore to estimate that 
in a normal installation the fuel consumption at equal 
power would be still further reduced. 

eas The Still engine is a machine of the greatest 
interest which seems able to render great service in all 
cases where it is necessary to obtain t facility of 
—— powerful starting torque and large variation 
of load. 

During the full-load trial it will be seen that. the 
power was 348 metric h,p, (343 b.h.p.), from which has 





been | to be deducted 14-3 h.p. (14-1 b.h.p.) absorbed by the 


scavenge pump, leaving 333-7 h.p. (329 b.h.p.) available 
at the engine shaft. Fuel consumption corresponding 
was 56 kg. 400 (123-4 Ib.) per hour, that is to say, & 
consumption of 168 grm. per h.p, per hour (0-360 Ib, 
per b.h.p. /hour). i 

The consumption on an overload of 11 per cent, 
corresponding to a net power of 374-4 h.p., ée., 
390 — 15-6 (368-6 b.h.p., i.e., 384 — 15-4) was 66 kg. 75 
(146-6 lb.) per hour, that is to say, 177 grm: pér h.p. per 
hour (0-398 Ib. /b.h.p./hour). 

At }-load, with a net power of 164-8 h.p., .¢,, 177 — 
12-2 (162-5, ¢.¢., 174-5 — 12), the consumption was 
29 kg. 4,(64 lb.), that is to say, 176 grm. per h.p, per hour 
(0-394 lb. per b.h.p, /hour). 

At }Joad, 78-75 h.p. net, é.¢., 89-5 — 10-75 (78 net, 
7.2, 88-5 — 10-5), the consumption was 210 grm, 
(0-47 Ib.). 

During the full-power test the boiler pressure very 
slightly dropped, the consumption as meagured is a little 
low ; it is on the contrary a little high in the case of the 
overload, and slightly less than reality in the case of 
4-load and }-load trials. 

It is interesting to note that the indicated power 
of the engine on the combustion side during full load 
trial was 354 -_ (349. i.h.p.) at a mean pressure of 
5 kg. 68 (81-2 lb. M.E.P.), the shaft power was then 
333-7 h.p. (329 b.h.p.). . It will be seen t the addition 
of the steam side was not entirely able to compensate 
for the friction losses. 

Indicated Power, Combustion, Brake Power.—The total 
indicated pressure, taking into account the steam side, 
was 6 kg. 382 (91-25 lb. per square inch), corresponding 
to a total power of 398 h.p. (390 i.h.p.). The mechanical 
losses are therefore 64-3 ‘P. (63 b.h.p.), the recovery. by 
the steam produced 41-5 h.p.¢ (? 44 h.p. = 43 b.h.p.), 
the efficiency of the engine 

R — 333+7 


398 


This figure is high, but it must be remembered that the 
engine used mechanical injection, doing away with 
the auxiliary compressor. 

The recovery at full load of the steam side corresponds 
to 41-5 ih.p.f (? 44 = 43ih.p.). We will assume that 
the power necessary to overcome friction is entirely 
borne by the combustion side ; the power reeovered by 
the steam will then be totally transmitted to the shaft. 

We see that this recovered power represents about 
12 per cent, of the brake power of the engine. 

The quantity of steam produced per hour at full load 
was about 367 kg. (807 lb.), which corresponds to a 
consumption in the engine of 8 kg. 900 (19-61b.) per i.b.p, 
The boiler pressure was 7 kg. (100 lb.), approximately, 
the corresponding temperature of the water was 
170 deg. C. (338 deg. F.). 

The evaporation of 367 kg. (807 1b.) per hour represents 
pppenatenees a recovery of 240,000 calories (9,500,000 
B.Th.U.). T fuel oil supplied to the engine, about 
560,000 calories (22,000,000 B.Th.U.), of which 226,000 
calories (8,930,000 B.Th.U.) were converted into work 
in the combustion cylinder (40 per cent.). 


= 0-84 





* Due to the engine-driven pump being temporarily out of 
action. 

+t This a 
question in 


ears to be an arithmetical error connected with a 
e translation. 





Of the 334,000 calories (13,270,000 B.Th.U.) remain- 
ing; theré have been used for the formation of steam 
about 240,000 calories (9,500,000 B:Th.U.), that is to 
say, 43 per cent. of the heat produced. Of this total 
26,300 calories (1,040,000 B.Th,.U.) were converted into 
work, that is to say a little more than 10 per cent. of 
the heat contained in the regenerated steam and 7} per 
cent. of the heat was not utilised. 





THE “WELLDECK ” STEAM TRAP. 

A weat and simple form of steam trap manufactured 
Messrs. The Steam Fittings Company, Limited, of 
est Drayton, Middlesex, is illustrated below. This 
trap, which is' known as the “ Welldeck,” has been 
on the market for some years, but our figure shows a 
new model which has recently been introduced and 
which has some important advantages compared with 
the older pattern. The trap is so simple that its mode 
of operation will almost be understood from the figure 
without explanation. The essential feature is the 
flat corrugated chamber which is hermetically sealed 
and contains a volatile spirit and its vapour. This, as 
will! be seen, is attached to a valve below; and has 
a regulating screw at its upper side. To set the trap, 





steam is allowed to pass through it for a few moments, 
until all water is expelled. The steam heats the 
volatile spirit and causes the chamber to open out, 
moving the valve downwards. With the chamber 
thus expanded the t is then set by moving the 
regulating screw until the steam is just shut off. The 
regulating screw is then secured by its lock nut. The 
operation after this is obvious. The collection of any 
water cools the chamber so that it contracts and opens 
the valve, allowing the water to escape. As soon as 
steam begins to flow through, however, the valve 
closes in. When cold, there is a vacuum in the 
corrugated chamber, and the valve is wide open. It 
is stated that it is immaterial which end of the trap 
is used, as the inlet: It will be clear from the figure 
that the movement of the valve is positive and under 
the control of the chamber in either direction, while 
it is ‘also self-aligning. It will also be seen that the 
corrugated chamber cannot be damaged by excessive 
pressure exerted on the regulating sorew. 





NITROGEN PRODUCTS STATISTICS. 

ALTHOUGH it remains doubtful whether or not the 
manufacture of synthetic nitrogen products. will be 
able—or would be able—to thrive as a industry, 
independent of the support which ammunition wor! 
can give, the demand for fixed nitrogen, required 
chiefly for fertiliser purposes, is still ng at a 
faster rate than the potential output of the fixation 
plants. That might hardly be expected, considering 
that more new plants appear to have been put down than 
have been closed, and that large stocks of nitrates must 
have been released since the war. The complexity of 
the problems can be judged from the “ Statistical 
Supplement to the Final Report of the Nitrogen 
Products Committee,” which Dr. J. A. Harker, F.R.S., 
formerly Director of the Nitrogen Research Laboratory, 
of the Ministry of Munitions, has compiled. The 

mphlet. of 22 pages, issued by the Scientific and 
ndustrial Research Department, is welcome and is 
instructive because it supplements the Final Report 
of' the Nitrogen Products Committee, and becatise 
statistics concerning the war period and the post-war 
period have not hitherto been accessible. That some 
of the figures are uncertain estimates, is duly pointed 


out. 

In the United Kingdom the pre-war average amount 
of nitrogen’ fertilisers (Chile nitrate. and ammonium 
sulphate). applied to the soil was 24,000 tons; 
the figures for the years 1917-18-19 were 46,000, 
47,000 and 58,000 tons, so that the consumption was, 
in 1919, nearly two and a half times as great as before 
the war. Similar increases are rted from other 
countries. The world’s resources of nit products 
were, in 1912, estimated at 4,000,000 English tons; of 
these, Chile supplied 57-5 per cent., by-product indus- 
tries (ammonium sulphate) 38 per cent., and the 
nitrogen fixation industries 4-5 per cent. (3-1 per cent. 
being cyanamide and 1-4 per cent. nitrate of lime). 
The actual production of 1920 cannot yet be stated ; 
but the total productive capacity had increased to 
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8,500,000. tons in round figures, of which , Chile 
supplied 30-2 per cent., the by-products works 
26-6 per cent., and the fixation plants 43-2 per cent., 
20-9 per cent. being cyanamide, 2-5 per cent. nitrate 
of lime, and 19-8 per cent. synthetic ammonia, Thus, 
the synthetic ammonia factories, which had hardl 

any output in 1912, were able to supply one- 

of the whole nitrogen products by 1920, and Chile was 
only called upon for less than a third of the total 
supply. 

Yet the prices of Chile nitrate still dominate the 
financial position, For the years 1916 to 1918, the 
Liverpool price of nitrate was double that at Chilean 
ports, and although freights had fallen from 10I. 
to about 31, per ton, the ton of nitrate still cost 221. 14s. 
in January, 1921; the highest war price had been 271. 
Before the war the biggest portion of Chile nitrate 
(neatly a third of the whole) had been shipped to 
Germany (which received in 1913, 830,000 tons) ; 
during the war, the:United States left all the other 
countries far behind, receiving 1,674,000 tons of 
nitrate in 1918, but the mining of nitrate in Chile 
and the me pe there declined very much (to half 
and a third the figures of 1917) in 1919, to rise again 


atmospheric nitrogen by the electric arc, 35 prepared 
cyanamide, and 3 synthetic ammonia; the respective 
capacities of these three classes of works, reckoned in 
metric tons, of nitrogen (not of ammonium sulphate or 
other salts), per year, are 38,000, 325,000, and 308,000, 
a total of 671,300 metric tons of fixed nitrogen, The 
cyanamide estimate is probably too low in Dr. Harker’s 
opinion, as he allows only 120,000 tons for Germany’s 
a st The installed power of the works of the first 
two classes of works (not including the synthetic 
ammonia factories) represented a little over a million 
kilowatts in 1920, this figure being three times as 
large as the pre-war figure. 

y regards British works for the fixation of nitrogen, 
the synthetic ammonia plant, commenced by the 
Ministry of Munitions early in 1918, but very little 
advanced by the time of the Armistice, has recently 
been taken over by Messrs, Brunner, Mond and Com- 


































































NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—There is no great hurry on the part 
of either home or foreign buyers to turn inquiries for 
steel and steel products into actual orders. 1 sections 
of the steel and engineering trades are suffering from the 
same malady. Hope of a revival is gradually gaining 
strength, but with the advent of each successive week, 
improvement seems to be as far off as it was before. 
Sufficient time has not elapsed to allow benefit to accrue 

m wages reductions in the manufacturing branches. 
Stocks have first to be cleared, mostly at a considerable 
sacrifice, before the effect of lower production costs is 
felt. Rolling mills and forges have sufficient orders of 
the hand-to-mouth variety to employ reduced staffs 
slightly more than one-third of the normal working 
time. Steel foundries are scarcely any better off owing 
to the sluggish nature of new business in heavy engineer- 
ing, but hope to benefit considerably from home and 
i ™M- {foreign naval programmes. A sure indication that 
pany, and has been re-designed to manufacture fertili- | progress, though slow, is being made, is found in the fact 
sers rather than the ammonium nitrate first intended. | that Sheffield’s total of unemployed, officially recorded, 
The subsidiary company, which the firm mentioned has been reduced from over 60,000 at the termination 
has promoted, styled Synthetic Ammonia and Nitrates, | Of the coal strike to 40,000 to-day. The latter figure 
Limited, is at present concentrating upon an initial - 1 wig moire ners wr ror oth oe 
plant for 265 t of oni per day, or 7,000 tons experien in normal times. Continental competition 
























































“ : in raw and semi-finished materials appears to be on the 
during 1920. of nitrogen per year; but the works are laid out 80|wane, Belgian makers seem to have carried their 

The importation of Chile nitrate into the United | as to admit of a ready extension of this nucleus to four | policy of underquoting rather too far, and to be less 
Kingdom increased duri the earlier war 


ready to undertake prompt deliveries at cheap rates. 
The latest information received locally further shows 
that German producers are in danger of over-taxing 
uction, and are seeking an extension of delivery 
tes. Now that prices have been reduced, steelmakers 
are calling for slightly larger deliveries of British iron. 
West Coast traders are offering mixed Bessemer numbers 
108, below last week’s quotation, the current figure 
standing at- 87, 5s, delivered. The slump in the demand 
for alloys has produced a wholesale collapse of prices. 
Merchants are glad to dispose of stocks at prices in some 
cases below the 1914 level. There is an abundance of 
iron and steel scrap, but very few buyers. The engineer- 
ing trades are not taking sufficient machine-made files, 
saws, and other small tools to keep works in constant 
production. Big stocks have accumulated at drop 
stamping plants. 


South Yorkshire Coal Trade.—County coalowners’ 
associations are chary of committing themselves to pro- 
mises of —_ reductions. In reply to a communication 
sent by Sheffield and district manufacturers, the York- 
shire Coalowners’ Association points out that its members 
are not in a position to make reducti at a great 
rate than the economic situation demands. The Mid- 
land County Colliery Owners’ Association responds that 
until wa; and costs of material can be materially 
Gomeased there seems little prospect of a substantial 
reduction. Despite the indefinite nature of this infor- 
mation, South Yorkshire steelmakers and engineering 
masters are convinced that the early future will witness 
& substantial adjustment in the price of manufacturing 
fuel. The widespread refusal to place contracts at 
current rates has not improved the position at pits. 
Stocks under load are increasing, sidings are blocked, 
and production is necessarily limited to less than half 
the normal number of working shifts. Competition for 
new business being exceptionally keen, a number of 
orders have been booked at as much as 5s. below official 
quotations, Locally the market is feeling the strain, 
and prices at the pithead are lower to the extent of ls. 
in the case of best steam hards to 2s. 6d, to 3s. in the 
case of smalls and slacks. Railways and gas com- 
panies have made big strides in the repletion of stocks, 
nko = r and are not ordering with anything like their former 
men for whom the Ins erie rts freedom. The order books of household merchants 

We have now a large number of members who, as far! present a thin appearance. “A strike of buyers” is the 


as years are concerned, can no longer be called young. | description applied to the situation by an official of the 
Whether they have grown up with the Institution, or | Sheffield Coal Exchange. Revised quotations: Best 
last figure would correspond to an annual output of | whether they have joined it later, the great majority | }panch handpicked, 40s. to 41s.; Barnsley best Silk- 


1,500,000 metric tons of ammonium sulphate. In| of them are only in it because they wish to give any help| tone 40s. to 41s.: Derbyshire brights, 37s. to jf 
this connection remarks have been made S German | they can to the young men who are now travelling the | nerbyshire house coal 358. to 378.; Derbyshire ‘pest 
onne , Derbys , ; ys 
technical journals as to “ flattering estimates of the road over which they themselves have already passed. large nuts, 348, to 35s.; Derbyshire small nuts, 33s, to 
productive capacity of our synthetic works in the Lp aden ne ae Ye we mean to keep. | 34s. ; Yorkshire hards, 348. to 35e.; Derbyshire hards, 
foreign Press.’ — — on = aa a ke jo not want to | 336. to 34s. ; song slacks, 198, to 20s,; nutty slacks, 
The lime nitrate (nitrolim) production of Norway| enclosure consistent with their “dignity” ‘They eosept | 1S t© 184. + smalls, 124, to 18s. 
at first decreased and subsequently increased during | whole-heartedly the motto of “‘for Juniors by Juniors,” 
the war, the decrease being balanced by the manu-| and are not out for what they can get from the Institu- 
facture of other nitrogen products, ammonium nitrate, | tion, but for what they can do for it. 
sodium nitrate, calcium cyanamide, and, finally,| I my opinion the seeds of the present trouble were 
also nitric acid at Notodden and Rjukan; the total | Swn when first the classification of membersinto different 
Norwegian juction in this field was in 1920 about grades was attempted. For a long time they lay dor- 
double that of 1914. The cyanamide manufacture 


me ees but now wee into e oy tee eqn 
value the old t: iti ich t) 

ioen Sener one by ee w ue ts) ions upon whic success an 
nitrogen products; the world’s production of ¢ 


usefulness of the Institution has been founded, and which 
yyana- | have earned for it the sympathy and practical assistance 
mide for 1912 was 126,500 metric tons; that for 1918 
was estimated at 609,000 tons. Nine new co 


of so many of the leading engineers in the country, realise 
- yanamide 
works have been erected in France, The United States 


that the time has come when we must reassert our prin- 
ciples in an by rapeng cer — and once — all 
cyanamide plant erected in Alabama, in 1918, is credited | ™*ke it clear that we will have no tampering with ow 
with an annual capacity of 200,000 long tons, and the ae a nls ve 
German output may equal that of all the other countries 
together. Plants for oxidising ammonia in the 


years, |and even twelve times that capacity. The original 
including 1916, then fell off in 1917, recovered in 1918, | Government site of 260 acres, eg enlarged to 


but diminished once more very markedly in 1919 and | 1,000 acres, and two ship berths have been acquired on 
1920. After 1916, almost all that nitrate was converted | the Tees. An oxidation plant for 12,000 tons of nitric 
into ammunition, and very little could be spared for|acid per year, and plants for other by-products are 
fertilisation. also projected. 

The saltpetre rear nitrate ; the Chile nitrate,| A British company, the Cumberland Coal Power 
also sometimes ed saltpetre, is a sodium salt) required | and Chemicals, Limited, has also been formed to 
by this country came mainly from Germany (7,500 tons | erect works for the operation of the Claude synthetic 
out of a total of 12,000 tons) before the war... During | ammonia process; a full-size commercial unit, work- 
the war, India increased its exports of saltpetre more | ing at a pressure of 1,000 atmospheres, and producing 
than six times, pty phony in 1919;|5 tons of ammonia per day, is now running, it is 
the actual figures for India are not given, but it is | stated, satisfactorily in France. The British Cyanides 
stated that the salt imports into the United | Company, of Birmingham, is fixing nitrogen by means 
Kingdom from British Possessions were, in the years|of barium in fuel-heated furnaces; these large-scale 
1914, 1916, 1918 and 1919, respectively 4,786, 21,957, | experiments are described as partially successful. The 
19,184, and 6,985 tons. _The total production in the | works of the Nitrogen Products Company, at Dagen- 
United Ki m of nitric acid by various processes| ham, in which cyanamide was, durin, the war, con- 
culminated in 1917 with 237,000 tons of 100 per cent, | verted into ammonium nitrate by the Ostwald process, 
acid; the pre-war figure was 15,000 tons per year.| have been closed. The demand for explosives and for 
The annual production of ammonium sulphate in the | ammunition is, of course, not likely to cease, in view 
United Kingdom kept steadily at about 440,000 tons | of which fact efficient synthetic processes will always 
until 1917, when it dropped to 250,000; by 1919, it} be required. 
had risen to nearly 357,000 tons again. In the United 
States the ammonium sulphate output increased to 
384,000 tons in 1919 (more than double the 1913 
figure), and a still more marked increase, tho on 
a smaller scale (to 91,000 tons), is reported from Japan 
With respect to the ammonium i 
the United Kingdom, Dr. Harker quotes the Chief 
Alkali Inspector's reports, to which we should refer 
our readers*; it should be noticed, however, that these 
figures are not official returns in a strict sense, for the 
Chief Inspector expresses his indebtedness to the 
courtesy of the manufacturers in giving these statistics, 
as we have pointed out on other occasions. 

From some countries reliable data could not be 
obtained, and as regards synthetic ammonia in Germany 
Dr, Harker offers his figures as approximate estimates. 
According to these, the production of synthetic am- 
monia had risen from 25 metric tons per day in 1914, 
to 620 tons in 1918, and to 1,050 tons in 1920; 








THE JUNIOR INSTITUTION OF ENGINEERS. 
6 To THe Epitor oF ENGINEERING. 

Sir,—As a member of the “‘ Juniors’’ for more than 
- | 25 years, and as a past chairman of that excellent little 
Institution, I should like to express my thanks for your 
leading article on ‘The Younger Men,” which I am glad 
to see has been endorsed by so many of our oldest mem- 
bers. The shrinkage of the word “Junior *”* on the cover 
of our monthly journal, and the elimination from our 
official letter headings of the phrase “‘ founded for the 
junior members of the profession’’ both give evidence 
of a foolish desire to pretend that the titution is 
something which it is not, and which it was never intended 
to be. The new scale rule which the Council are asking 
the Board of Trade to sanction, is the last straw, for it 
would debar from the status of membership the very 








Mrippiessroves Pie [ron SurPMents.—T hestatement 
for July recently issued by Messrs. William Jacks and 
Co., 5, East India Avenue, E.C., shows that the ship- 
ments of pig iron from Middlesbrough, including Skinnin- 
grove, during that month were 2,035 tons coastwise 
and 3,205 tons foreign, a total of 5,240 tons, as com- 

with 43,630 tons in July, 1920, and 15,410 tons in 
uly, 1919. 





Motor Cars on Mountain Roaps.—We have received 
from Messrs, Rolls Royce, Limited, of Conduit-street, 
London, W.1, an interesting account of a tour of 3,150 
miles recently accomplis by a Rolls Royce touring 
car over the highest mountain roads an oh vom cad in 
Europe. The car with four passengers luggage 
weighed over 2} tons and trave on its journey 
53 passes, with an gate altitude of 293,296 ft. The 
itinerary included the highest road in Europe, namely, 
the Stelvio (9,041 ft.) and Col du Parpaillon (8,671 ft. ). 
The former of these, ony, 8 ft. wide, with 15 per cent. 
ients, was in a terrible state of disrepair, gangs of 
abourers having to be employed on four occasions to 
clear away debris in order that the car might proceed. 
In spite of the severity and number of the descents, the 
brakes were only once adjusted on the journey, and the 
car finished the trip in perfect condition, as it subse- 
quently attained a speed of 77 miles per hour with full 
load, on one of the straight open roads in France, 





move a resolution at the next annual general meeting 

providing that there shall be one class of membership 

pre- | only, but that annual subscriptions shall be graded in 
three steps according to the of the member. 

I hope and believe that this resolution will receive 
such support as wil] reassure engineers outside as well as 
inside Institution that we are, and are determined 
to continue “for the junior members of the profession.” 
My fellow members will no doubt take care, as far as 
possible, that the members elected on the next council 
shall only be such men as will truly maintain our old 
policy and traditions. 


countries; Dr. Harker only gives information about 
two German and two American works. 

Summing up, we find that nitrogen was, in 1920, 
actually being fixed in 50 works, of which 12 oxidised 


*,Seo Alkali Works in 1920, Exomexama, July 29, 


Iam, yours faithfully, 
page 190, ante. F. D. 


7 Victoria-street, 8.W. 1. NaPIeR. 
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NOTES FROM CLEVELAND AND'THE' 
NORTHERN COUNTIES. “4 

MippLEsBRouGH, Wednesday. 
The Cleveland Iron Trade.—Little new is ascertain- 
able so far as Cleveland pig-iron is concerned. Scarcity 
of No. 3 G.M.B. continues pronounced, and any small 
parcels that come on the market are — snap’ up 
at 135s. Only two firms are producing No. 3 for the 
market, and what stocks there are of this quality are 
sold. Other grades of Cleveland pig are quite plentiful, 
No. 4 foundry is offered freely at 1258. ; No. 4 forge and 
mottled are difficult to dispose of at 117s. 6d.; and 
white iron is almost unsaleable at makers’ a; on 
minimum of 115s, Producers have large stocks of these 

inferior grades, 


Hematite.—There are now six furnaces turni out 
East Coast hematite with the result that more of this 
commodity is on the market and prices have been 
reduced. Nos. 1, 2 and 3 are now obtainable on both 
home and export account at 140s.; and No. 1 is put at 
142s. 6d. Home quotations are thus 20s. below rates 
that have ruled for some time past. 


Blast Furnaces in Operation.—Of the 72 blast furnaces 
erected in this area only 14 are in operation, six of which 
are running on hematite iron, four on Cleveland pig, 
and the remainder on basic. Three more furnaces, 
however, may be re-started in the near future—two on 
Cleveland foundry iron and one on basic. 


Foreign Ore.—No effort to recommence business in 
foreign ore is noticeable, sellers realising the futility of 
such a step with consumers overwhelmed with stocks 
and compelled to refuse acceptance of deliveries long 
overdue on old contracts. 


Coke.—Further marked downward tendency in coke 
is gratifying. Sellers still name 35s. delivered as the 
price of Durham blastfurnace description, but local 
consumers consider the maximum figure should be 30s. 
and confidently look for that price ruling soon, 


Manufactured Iron and Steel.—Extreme quietness 
characterises manufactured iron and steel, and a further 
cut in prices seems imminent. Common iron bars are 
161. ; marked bars, 201. ; steel billets, 102. 108. to 111. ; 
steel boiler plates, 19/.; steel ship, bridge and tank 
plates, 14/1. ; steel angles and joists, 13/7. 108. ; tees, 14/. ; 
rounds and squares, 13/.; flats, 14/.; heavy steel rails, 
14/.; fish plates and sleepers, 19/.; black sheets, 17/. ; 
and corrugated galvanised sheets, 201. 10s. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—There has been no opening out 
in the Scottish steel trade yet, and the latest reduction 
in prices of home steel has not brought out much in the 
way of fresh business. Buyers are very slow in com- 
mitting themselves at present and continue to hold off 
as long as possible, but all the same, there are signs of 
some improvement. With the foreign material offered 
considerably cheaper than that of the home makers, 
there is a strong inclination to send orders out of the 
country, because of the saving on large contracts, and 
if the unemployment here is to be reduced the price 
of fuel, &c., must be brought down in the near future. 
Reductions have certainly been made of late, but not 
of sufficient proportions to meet the situation. 
all over, however, the outlook is perhaps a little better 
than it has been for some months, 


Malleable Iron Trade.—The West of Scotland malle- 
able-iron trade cannot be said to be any better, and 
employment at the majority of the works is largely 
of a hand-to-mouth character. Orders are not being 
received in volume anything like equal to the possible 
output of the mills, and inquiries are not too encouraging 
either. Prices show no change, although buyers anti- 
cipate a fall before long, and it is generally acknowl 
that such will be necessary if the Continental competition 


is to be. met. 
Scottish Pig-Iron Trade.—There is still little —_ 
in the state of the pig-iron trade in Scot , but ti 
relighting of some of the furnaces has improved the 
position as regards foundry sorts at any rate. Fuel, 
one of the main factors in the case, has been gradually 
easing in price, and there are prospects of more furnaces 
being ba into blast very soon. The general home 
demand is not much better, and export business is not 
likely to improve until financial conditions abroad get 
on to a more satisfactory footing. The Continental iron 
continues to come in here at a very low price and is @ 
big indueement to buyers. 


Scottish Shipbwilding.—The shipbuilding returns for 
the past month are notable from the fact that no new 
vessels were launched in any of areas outside the 
Clyde where the output was 34 vessels of 34,616 tons, 
which is about the average monthly tonnage this year. 
The total figures for the year to date are now 165 vessels 
of 299,864 tons, which, on the whole, is fairly good, 
considering the unsettled state of labour during the 
past few months, For the corres ing od of 
last year, the output was 142 of 440,174 tons, 
and for the same period of 1912 the total was 189 vessels 
of 417,551-tons, which two rank as the highest out; 
for the eight months under review. The deman 
new vessels is still 
tions in wages, as 
costs at the yards are not now so heavy, and the 
show e decline. These 


for 
ck A oer but with the recent reduc- 
as fuel and steel material 


prices 


are still too jpowners yet, and until they fall 
much further tlie’ in ee cae teas to 
likely. Things are the right direction, 


the | new session is the 


however, and the outlook is much better. The return 
of the shipyard joiners to work, and in consequence 
restarting of a number of other workmen, has put more 
activity into the industry, and in several which 
were only working a part of the week, full time now 
prevails. 





NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 
The Coal Trade.—While prices generally show no 
material alteration to those ruling a week ago, the tone 
of the market is certainly steadier, and sellers are now 


firmly resisting the bear tactics of buyers and refusing | +7. 


to cut quotations further. In fact, in some cases 
the tendency is firmer. The market, however, is 
“patchy,” with values dependent on the individual 
circumstances of collieries. Some are comfortably 
placed, having booked up a number of orders, but the 
majority still find difficulty in disposing of outputs, 
owing to the continued restri of i 
customers, and the fact that the railways are only taking 
very limited quantities because of the | stocks 
of American on hand. Gradually the large works 
are being restarted, and this will undoubtedly have a 
steadying influence on the coal trade generally as any 
improvement in the home demand an indirect 
influence on the export trade. Inquiries both from at 
home and abroad are more numerous, and it is believed 
that buyers are now ready to do business, though in 
practically all cases they are trying to secure supplies 
at below current values. Inquiries are circulating for 
delivery of substantial quantities over the whole of next 
year, and while collieries generally refuse to commit 
themselves, they are asking consumers to give them 
specific information as to what they require before 
giving a definite price. At the moment, best and 
second-class Admiralty large coal is round 32s. 6d., with 
best Monmouthshire large at 30s.; best steam smalls, 
19s.; with ordinary smalls down to 14s. It is signi- 
ficant that foreign cargo exports in the past week 
totalled no less t 395,000 tons, which is the hi, t 
quantity des in any week of the year. This 
total was only exceeded in four weeks of t revious 
year, but a considerable amount of leeway has to be made 
up before the pre-war volume of trade is reached, last 
week’s shipments representing only about two-thirds of 
the 1913 weekly average of 600,000 tons. Exports to 
France and Portugal at 134,000 and 27,000 tons res- 
pectively last week established a record for the year as 
also did the 78,000 tons sent to ‘other countries,” 
which included two large cargoes to Russia for the first 
time for some years past and a number of shipments to 
Far Eastern ports. 


Iron and Steel.—Though the demand remains curtailed 
prices on the whole are steady, and with coal prices 
down, makers are disposed to re-start mills, though it 
is — declared that unless orders are forthcoming 
the works cannot be kept going for long. The under- 
current of feeling is, however, optimistic, especially in 
respect to the far distant markets. 





Trecunicat Cottece, Braprorp.—The calendar for 
the session 1921-22 gives details of the full-time (day) 
and part-time (mai evening) courses in the depart- 
ments of textile industries, chemistry, tyeing. me- 

biology of 


‘aken | chanical, civil and electrical engineering, 


the College. The full-time courses extend over three or 
four years, and the part-time courses involve attendance 
on three evenings a week during three or five sessions. 
The courses have been specially designed to meet the 
needs of students wishing to receive a technological 
training which will enable them to occupy higher posi- 
tions in industry, the part-time courses Cates particu- 
larly intended to meet those of students who are 
engaged in industry during the ater part of their 
time. The equipment of the College is extensive and 


edged | includes a complete plant for the wane. Satine 


c . 
combing, spinning, weaving, dyeing and hing of 
textiles. A special feature of the equipment is the 
power-house, poet — +74 a a. 
tion » which supplies the w! of the power 
and fight required. Special facilities are also provided 
for microphotographic work, for automobile engineering 
and for heat treatment. 








Tae Sm Jonn Cass Tecunicat InstrruTs.—The new 
session at this Institute, which is situated in Jewry-street, 
Aldgate, E.C. 3, will commence on Monday, September 26, 
and students will be enrolled during the previous week 
commencing Monday, September 19, between 7 p.m. 
and 9 p.m. The courses of instruction are ally 
directed to the technical training of those engaged in the 
chemical, metallurgical and electrical industries and in 
trades associated with. Full facilities are provided 
in the well-equi laboratories of the Institute for 
specialinvestigations and research work. Theinstruction 
in a science also provides systematic courses 
for the examinations of London University and of the 
Institutes of Physics and Chemistry. § 





courses of 
higher technological instruction .form a distinctive 
feature of the work of the Institute. For the forth- 
nd = on sae - Weide antatieah ona 
industries, 0) , i an 
gS os ry 
oys. im t it for t 
I establishment of Noe of instruction 
in petroleum technology. These have been in 
consultation with representatives of the chief com- 





panies and have been desi to meet the requirements 
ee aetna etn the pretend cal 


of 





scientife control of 


the petroleum industry. 








NOTICES OF MEETINGS. 


Royat Metgorotocicat Socrery,—Wednesday, Sep- 
tember 7, at ee in the Natural Philosophy 
Department of the University, Drummond-street, Edin- 
burgh. The following papers will be read:—l. “The 
Functions of a Scientific Society with Special Reference 
to Meteorology,”” by R. H. Hooker, M.A., President. 
2. “Meteorology in Medicine,” by An Macdonald, 
O.B.E., M.D. 3. “Some Notes on Meteorolo in 
War Time,” by C. J. P. Cave, M.A., J.P. 4. “The 
Diurnal Variation of Pressure at Eskdalemuir, 1911-20,” 
by Dr. A. Crichton Mitchell, F.R.S.E. 5. “The Natural 
Towards Symmetry of Motion and Its Appli- 
cation as a Principle in Meteorology,’’ by Dr. 8. Fuji- 
whara (of the tral Meteorological Observatory, 
Tokyo). 

. Inow anp Sreet Instrrvte.—Monday, September 5, 
to Saturday, Se ber 10, Autumn Meeting at the 
headquarters of the Comité des Fo de France, 7, Rue 








de Madrid, Paris, comme: on Monday at 10.30 a.m. 
and on Tuesday at 10 a.m. following will be sub- 
mitted to the ting on y and Tuesday: (1) 
N. T. Belaiew, C.B., “Damascene Steel”; (2) E. L. 


Dupuy, “An Experimental Investigation of the Me- 
chanical Properties of Steels at High Temperatures ”’; 
(3) L. Guillet, “The Situation of the French Metal- 
lurgical Industry in the North and in the East of France : 
its destruction and reconstruction”’; (4) K. Honda, 
“* Does the Critical Point Depend on the Strength of the 
Magnetising Field?” ; (5) A. Portevin, “‘On Consti- 
tuents Found in T ten and Molybdenum Steels "* ; 
6) A. Portevin and V. Bernard, “ A Contribution to the 
tudy of Coalescence”; (7) A. Portevin and P. 
Chevenard, “ On the Characteristic Curves of the Heat 
Treatment of Steels ” ; (8) P. Nicou, “ Iron Ore Deposits 
of Eastern and Western France”; (9) E. Schneider, 
“An Investigation of various Forging ~ eT 
carried out under Hydraulic Presses, art IL; (10) 
Capt. H. W. B. Swabey, C.B., and R. Genders, M.B.E., 
bf ufacture of Shells in Canada during the Wear, 
1914-18." On Monday, September 5, a reception will 
be given by the Comité des Forges, at 9.30 p.m., at the 
Hotel de 1’Union Interalliée, 33, Faubourg St. Honoré. 
Members partici in the excursions, Group I, to 
Lorraine, and Group II, to Creusot and 8t. Chamand, 
will leave Paris on Tuesday afternoon, September 5; 
those in Group III, to Normandy, will leave Paris on 
Wednesday morning, September 7. The members 





ti in all the above excursions will return to 
Paris in the night of Friday, September 9. 
AIRSHIP Dmastzn Memoria Service.—The Air 


Ministry has announced that it has been decided to hold 
a Memorial Service for the American and British officers 
and men lost in the airship R. 38. The service will be 
held in Westminster Abbey on Wednesday, the 7th inst., 
at 12.30 p.m., and will be attended by representatives of 
His Majesty the King, Chief of the Royal Air Force, of 
the Air Council, and of the British Navy, Army and Air 
Force, as well as of the American Forces. he detail 
arrangements are not yet completed, but it is hoped that 
a portion of the Abbey will be open for the admission of 
the general public. 





Tue Bririse Evxorrican aNnp ALLIED INDUSTRIES 
Resgarce AssocraTion.—From the quarterly report of 
this association just issued it appears that a number 
of interesting investigations are now being undertaken 
by the above association which has the support of the 
Department for Scientific and Industrial Research, the 
Institution of Electrical Engineers and the British Elec- 
trical and Allied Manufacturers’ Association. Amongst 
the most important of these is an inquiry into the pheno- 
mena of switching and arcing, for which with the assist- 
ance of the Newcastle Electric Supply Company large 
scale tests have been arranged. other important 
research is to deal with the whole question of the manu- 
facture in this country of insulating materials with a 
synthetic resin base. 





Tue Inst1TUTION or Mintno Enorvernrs.—tThe thirty- 
second annual meeting of the Institution of Mining 
Engineers, will be held on Wednesday to Friday, 
September 14 to 16, commencing in the Town Hall, 
Stoke-on-Trent, on the 14th, at lla.m. At the opening 

ting, bers will be welcomed by yor, 
Alderman Sampson-Walker, and after business, the 
President will deliver an address. The following papers 
will also be read and discussed :—({1) The Adsorption 
or Solubility of Methane and Other Gases in Coal, 
Charcoal and Other Substances, A Graham, 
M.Sc; (2) Suggestions for the Stan ion of Geolo- 

ical Sections of Strata Proved in Boreholes, Shafts, &c., 

y H. Roscoe, 0.B.E. ; Soe Mining by Steam Shovel 
in Alberta, Canada, by ne Sheppard. which 
have already appeared in the Journal will be dis- 
cussed. The meeting will be continued in the afternoon, 
and at 7 p.m. the annual dinner will be held in the 
Town On Thursday, alternative excursions have 

Keer, ‘Stun Compa ny'e Calif mia, Works, 
Messrs. , Stuart an ee a ~ ornia 





orks, 
and Deep Pit, and the orks of The Shelton 
Iron, Steel and Coal Company. On Thursday evening 
there will be a reception at the Town Hall, at invita- 
tion of the North Owners’ Associa- 
tion, On Friday, a tour round the North Staffordshire 
Coalfield has been arranged. Members may obtain 


, Mr. A. B. Atkin- 


further particulars 
40, High-street, Newcastle, lordshire, to whom 
applications for tickets, &c,, must be made before 
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THE HYDE WELDING PROCESS. 


(For Description, see Page 338.) 
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CANTILEVER SELF-TRIMMING CARGO STEAMER 


CONSTRUCTED 


BY SIR RAYLTON DIXON AND CO., LIMITED, 


(For Description, see Page 339.) 
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THE REPORTS OF THE INDIAN BRIDGE 
COMMITTEE. 

THERE are quite plausible grounds for maintain- 
ing that bridge design as practised to-day has 
become one of the least scientific branches of engi- 
neering. In other fields hypothesis and calculation 
are constantly checked by comparison with experi- 
ence, but to an increasing degree, during recent 
decades, structural engineers seem inclined to lean 
more and more on formulas and on a prior? assump- 
tions, and less and less on the results of observation. 
Whether or no Talleyrand was justified in defining 
language as something given us with which to conceal 
thought, few will dispute that algebra and mathema- 
tical analysis were developed with the intent to 
economise mental effort. By certain almost 
|mechanical operations we are thus able with a 
|minimum of strain to determine the logical conse- 
quences deducible from certain premises; but, 
unfortunately, too many bridge engineers seem 
|inclined to regard formulas not as instruments for 
‘saving thought, but as a substitute therefor. A 
check to this tendency followed the fall of the first 
| Quebec Bridge, concerning which it may be recalled 
that when details were still lacking one bridge 
engineer advanced the opinion that the catastrophe 
| was to be attributed to the existence of certain 
secondary or indeterminate stresses at the junctions 
|of some of the main members. Such an opinion 
‘could only have been proffered by one who had 
failed to study the records of experience. Disastrous 
| bridge failures have occurred in all countries ; but 
| we have yet to learn of a single instance in which 
| the collapse arose from indeterminate or secondary 
stresses. The hypothesis in question illustrates 
| well the propensity against which we protest, viz., 
| that of regarding the calculated intensity of a stress 
as being in all cases a measure of the factor of 
safety. A bridge member overstrained by (non- 
alternating) secondary stresses is in fact able to 
pass on its surplus to such of its neighbours as 
may not be taking their fair share of the load. 

There is, perhaps, one apology to be made for 
the reluctance of bridge engineers to base their 
designs on actual practical experience, viz., that the 
collapse of a bridge may be an exceedingly serious 
affair, a notable instance being the Tay Bridge 
disaster, and so long as a designer holds by accepted 
formulas his defensive position, should a failure 
occur, is an exceedingly strong one. In this con- 
nection it would be interesting to know how many 
English or American bridge engineers would have 
shown the courage displayed by M. Rabut, who 
lengthened by 8 metres the 40 metres span of the 
Rue Legendre road bridge over the Western of 
France Railway without adding any material to the 
top or bottom flanges. This was done, although 
calculations made in the ordinary way indicated 
that these flanges were already fully loaded, but 
measurement by extensometers proved that the 
actual stress was very much less than the computed 
stress, owing to the fact that the roadway con- 
stituted a very substantial reinforcement to’ the 
adjacent flanges. Other engineers have equally 
recognised the fact that the roadway may most 
materially increase the effective chord area; but, 
instead of taking advantage of this fact to lighten 
their design or to increase the factor of safety, they 





=; | have in repeated instances cut up the. floor into a 


number of independent lengths so as to prevent any 
possibility of the calculated stresses being reduced 
by the action of the floor. 


Judging from the second and third reports of 


tithe Indian Railway Bridge Committee, it would 


appear that Indian bridge engineers are as unscien- 
tific as the generality of those here or across the 
Atlantic. The reports in question are, to’ put it 





mildly, most ‘disappointing documents. India has 




















thousands of miles of railway and hundreds of rail- 
way bridges, included amongst which are some of 
the longest spans within the Empire. That this is 
the case could hardly be inferred from a perusal of 
the reports, since there is an almost complete 
absence of any reference to the actual behaviour 
of bridges under traffic. There is a great deal of 
discussion as to what formulas should be used for 
computing stresses, but practically none as to what 
stresses have been proved by actual > © fee to 
be safe or dangerous. Thus, Mr. H. Remfry, 
District Engineer on the Bengal- ‘Raaoa? Railway, 
“draws attention to the high secondary stresses in 
cross girders and rail girders, and considers it 
advisable to specify a higher coefficient for impact 
than the Government of India rules provide for ; 
to allow for them or—an alternative which he 
prefers—reduce the working stresses in these mem- 
bers to 80 per cent. of the working stresses in the 
rest of the span.” Now, of course, Mr. Remfry 
may be quite right, and a good a priori case can be 
made out for his conclusions, but such an expression 
of opinion from an engineer having numerous bridges 
under his charge should be backed by a statement 
that in girders subject to such stresses as perturb 
him, plates have cracked or rivets worked loose, and, 
as such partial failures were troublesome, it was 
expedient to reduce the stress. As matters stand, 
much of the report might well have been contributed 
by youthful lecturers on applied mechanics, neces- 
sarily lacking in prolonged practical experience 
and taking their opinions ready made from text- 
books, compiled in many cases by men with as 
limited practical experience as their own. Almost 
the only reference in the report to actual obser- 
vations on how structures really do resist is a 
reference to the recorded experience of an eminent 
American bridge engineer. 

The point under discussion was the proper thick- 
ness for the web of a plate girder. The history of 
this subject is of considerable interest as confirming 
the charge we have made against bridge engineers 
of frequently preferring formulas to facts. When the 
plate girder first came into use little was known about 
stress analysis, and proportions were settled largely 
by experiments on models. Later on it was recog- 
nised that a shear stress was compounded of a thrust 
and a tension, acting at right angles to each other, 
and it was forthwith assumed that the web plate 
could be considered as built up of a series of struts 
placed side by side. The further assumption 
was also made that the resistance of these struts 
could be calculated by a column formula. This 
was legitimate enough if the constants in the 
formula had been fixed by a study of the behaviour 
of the webs of actual girders. It was, however, 
generally assumed that the coefficients should be 
of at least the same order as those usually adopted 
for the Rankine-Gordon formula for the resistance 
of struts, and the result was an enormous in- 
crease in the thickness of the web plates of plate 
girders, which was in no way justified by actual 
experience. 

In our issue of Voie 21, 1902, Mr. Graham 
Gribble analysed the web stresses in the plate 
girders forming the approach of Brunel’s bridge at 
Chepstow, which was built in 1851. These girders 
are of 100 ft. span and are 7 ft.,.7 in. deep over all. 
The web is 2 in. thick near the piers and } in, thick 
elsewhere. The webs are wholly unstiffened in 
the modern sense of the word, but have shown no 
signs of weakness, although carrying much heavier 
loads than were originally contemplated. Mr. 
Graham Gribble calculated the shear stress at the 
supports as 8 tons per foot run, whilst the bearing 
pressure on the rivets was no less than 13 tons, yet 
no rivets have worked loose. In spite of this success- 
ful experience, some of the rules which have been 
proposed and worked to for plate girder webs 
would have required the thickness of the Chepstow 
webs to be increased to not less than ten times its 
actual value, or else to be reinforced by numerous 
closely-spaced stiffeners. Sir Benjamin Baker 


recognised the absurdity of many of the formulas 
proposed, and in consequence tested the matter 
experimentally and found that in the case of a 
girder of 31 ft. 8 in. span, 3 ft. 6 in. deep, and having 
a web plate } in. thick, the latter showed no signs 





of failure until the calculated shear stress amounted 
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to 4-3 tons per square inch, The stiffeners in this 
case were 6 ft, 4 in. apart. 

Recurring again to the Indian report, Mr. H. H. 
Jellett, Chief Engineer to the Bengal-Nagpur 
Railway, “considers the question of impact is 
of paramount importance,” whilst Sir Bradford 
Leslie holds that the effect “is not of much conse- 
quence, and might reasonably be neglected.” 
Now, it is no doubt very difficult to prove a negative, 
but those who hold the positive view that impact 
is of paramount importance ought at least to be 
able to bring forward instances in which the ignora- 
tion of this consideration by the older school of 
designers had led to disaster or, at any rate, to 
excessive maintenance charges. Data of this kind 
have, however, never been brought forward, reliance 
being placed wholly on a priori reasoning, taken 
not infrequently from books and professional 

rs. 

The most tremendous impact ever experienced 
by any bridge occurred when the central span of 
the second Quebec bridge was being hoisted into 
place, and, owing to the failure of a support, tipped 
off into the river. The remainder of the bridge, 
however, was not one penny the worse for its 
experience, though the conditions were exceptionally 
severe, as the stresses produced were reverse stresses. 

In most cases the impacts on bridges are of a 
very much milder character, as is very clearly shown 
in some deflectometer diagrams accompanying the 
third report of the Indian Bridge Committee. 
These diagrams relate to a deck bridge of 100 ft. 
span and show very little difference in the deflection, 
whether the speed was 12 or 40 miles per hour, thus 
supporting the opinion expressed by Sir Bradford 
Leslie. The range of vibration, whatever its 
significance, was, moreover, a very small percentage 
of the total deflection. The instrument was applied 
to the centre of the bottom boom and was probably 
free from the errors which may arise when extenso- 
meters are applied to one side of a bridge member. 
It would throw an interesting light on the importance 
of vibrations if records were taken of the effect on 
the instruments used, of rapping the member with 
a hand hammer. It would take a great many 
repetitions of this to seriously injure a member of 
reasonable size, but we expect that many extenso- 
meters would record large vibrations. Incidentally, 
the Committee report the Frankel extensometer to 
be useless and unreliable, and are arranging for 
records to be taken with better instruments. If 
these records are to be collated with practical 
experience they may prove of considerable value. 
There will be unusually favourable conditions for 
such a comparison since it is proposed to allow a 
number of existing bridges which are due for replace- 
ment to be subjected to higher loads and stresses 
than are permitted by the existing regulations in 
the case of new structures. There will thus be an 
exceptional opportunity for detecting weak points 
and as the bridges are to be kept under careful 
inspection, no danger to the public can arise. There 
is an old Latin tag to the effect that no one becomes 
utterly base all on a sudden, and the adage is also 
applicable to structural steel. Even in engine 
work, where fractures arise from fatigue, the initial 
crack spreads slowly, giving ample warning of 
approaching failure, if inspection be duly main- 
tained. Even the disaster to the s.s. Paris would 
have been averted had it been possible to keep under 
inspection the submerged tail shaft whose fracture 
occasioned the wreck. 





SOME PROPERTIES OF MOLYBDENUM 
STEELS. 

THE scope and application of molybdenum steels 
appears to be wider than that of any other types of 
alloy steel. Molybdenum structural steels were 
commercially developed during the war and served 
many very valuable purposes. One notable in- 
stance was their employment in the construction of 
the French “ Baby” tanks, in which a §-in. plate 
showed as great a resistance to bullet penetration 
as 3-in. manganese steel. In military aeroplane 
construction, molybdenum steel found numerous 
uses due to a large extent to its exceptional tough- 
ness and consequent reliability. 

The earlier uses of molybdenum steel were as tool 


and magnet steels. At that time the ores of 
molybdenum were considered to be much scarcer 
than they are now known to be and sufficient 
production of molybdenum steel for structural 
purposes was not considered possible. But important 
discoveries of molybdenum ores in Canada and the 
United States have demonstrated that there is no 
immediate probability of the ores of molybdenum 
being exhausted, so that future supplies are assured 
for some years to come. 


The first experiments with molybdenum steel were 
directed to ascertaining the direct effect of the 
presence of the metal in considerable quantities 
in ternary alloy steels. It has since been found 
that the chief value of the element is its indirect 
or intensifying effect in the more complex steels. 
In other words, its action in fractional percentages 
intensifies the excellent qualities of other important 
alloy steels supplying in these certain qualities 
without which they are limited in their application. 
Special steels in which chromium, nickel and 
vanadium play an important part are handicapped 
by the narrow limits of temperature within which 
heat treatment is effective. Outside of this small 
range, their high grade qualities are seriously 
impaired. For these molybdenum acts as a correc- 
tive and greatly extends the range within which heat 
treatment is beneficial. By its use, segregation is 
prevented, uniformity of texture is promoted and a 
degree of toughness imparted to steels otherwise 
more or less deficient in this quality. The bene- 
ficial effects of fractional additions of molybdenum 
are apparent in high-carbon steels, chromium and 
nickel steels, chromium-nickel steels and vanadium 
steels. It considerably increases the tensile strength 
of carbon and nickel steels. In chromium-nickel 
steels, probably through the formation of double 
carbides, additional tensile strength, hardness and 
other beneficial qualities are imparted. The pene- 
trative effect of heat treatment in large sections is 
decidedly improved. 

The purchaser of alloy steels for construction 
work has at his command a considerable choice of 
materials not differing greatly in their static and 
dynamic properties, but he is influenced in his choice 
of material by the relative efficiency of the product 
in responding to the various thermal and mechanical 
manipulations necessary to reach a finished product. 
The physical properties which may be developed 
by various types of molybdenum steel are well 
known. Chromium-nickel-molybdenum steel used 
on Liberty motors for aircraft service met the most 
exacting specifications, and records of the tests of 
physical properties show results superior to those 
obtained for any other types of steel used in work 
of this class. For general automobile requirements 
or machine construction, the chromium-molybdenum 
steels are usually recommended, but for special 
requirements it becomes necessary to use the more 
complex types such as chromium-nickel-molybdenum 
steel. As regards the supply of chromium ores, 
these are obtainable in sufficient quantity in most 
parts of the world, and there seems no reason why 
these complex steels should not be available so long 
as molybdenum is to be obtained. 

The manufacture of these steels on a commercial 
basis is well established, and for this the electric 
furnace is chiefly employed. The United Steel 
Alloy Corporation of the United States commenced 
to make molybdenum steel in May, 1918, and since 
that time this company has produced approximately 
25,000 tons of this class of steel. No serious diffi- 
culties have been encountered in any stage of manu- 
facture, in melting, casting, rolling or cold-drawing 
operations. This steel requires the same care, but 
not greater, that is used for other alloy steels. 

Molybdenum is added to steel in two forms, one 
as ferro-molybdenum and the other as calcium 
molybdate, but of these the first is to be preferred. 
The addition is made to the charge at the melting- 
point, this being found to yield the most homo- 
geneous product. Some loss of molybdenum occurs 
in this addition by oxidation and volatilisation, but 
this is not serious. Molybdenum steel scrap can be 
used in the charge with advantage. While molyb- 
denum apparently has no deoxidising or scavenging 
properties, it has on the other hand no deleterious 
effects on the working of the steel and, in fact, 





'inoreases the range of temperature for rolling and 





forging. Molybdenum steels can be subjected to 
wide temperature changes for both hot working 
and heat treatment. This applies more particularly 
to the more generally used chromium-molybdenum 
types which will satisfactorily withstand con- 
siderably higher temperatures than the corre- 
sponding types of nickel and chromium-nickel steels. 
The outstanding features relative to the heat treat- 
ment of molybdenum steels are the extremely 
wide quenching temperatures available for practica! 
heat treatment, the excellent penetrative effect of 
such treatment on large sizes, and the broad drawing 
range causing but slight modifications in physical 
properties. . 

Data published by most of the principal manu- 
facturers of these steels, while showing great uni- 
formity in static properties, are without information 
on the dynamic properties. To prove that impact 
as well as static properties show no marked variation 
with quenching temperatures ranging from 1,500 deg. 
to 2,000 deg. F., inclusive, a series of experiments 
have been carried out on molybdenum steel analysing 
as follows in percentages: 0-27 carbon, 0-66 man- 
ganese, 0-036 sulphur; 0-018 phosphorus, 0-08 
silicon, 0¢83 chromium, and 0-42 molybdenum. 
The size treated was { in. round, and the tests were 
drawn at 1,050 deg. F., after quenching in water 
at the temperatures indicated. The following results 
were recorded :— 














Quenching | Redue- | Brinel 
Tempera-| Elastic | Tensile | Elonga- | tion Hard- 
ture. | it. a tion. | in Area. } ness. 

ib. per Ib. per | | 

deg. F. | sqr. in. r in. | per cent. | per cent. 
1,500 140,000 | 163,500 | 18°5 62-7 319 
1,600 139,500 | 161,700 17-0 | 63-1 319 
1,700 | 188,400 | 160,200 | 71-5 61-7 | 821 
1,800 138,300 | 158,500 | 18-0 61-5 | 319 
1,900 139,600 159,600 | 16-8 | 67-9 | 317 
2,000 140,000 157,000 59-0 317 


17-0 | 





Striking evidence of the improved penetrative 
effect of heat treatment as well as of the per- 
missible use of the high temperatures desirable 
for the attainment of high physical properties, is 
manifested in a standard type of chromium-nickel- 
molybdenum steel used for crankshafts and con- 
necting rods in aircraft work. The analysis range 
in percentages of this type is 0-22 to 0-30 carbon, 
0-50 to 0-70 manganese, 0-025 sulphur (maximum), 
0-030 phosphorus (maximum), 0-10 to 0-20 silicon, 
0-70 to 0-90 chromium, 2-75 to 3-25 nickel, 0-30 
to 0-50 molybdenum. Heats running 0-25 to 0-30 
carbon were selected for crankshafts and those 
running 0-22 to 0-25 carbon were used for connecting 
rods. Physical tests were taken on a full size 
prolongation (approximately 4 in. diameter), and 
averaged over 28 tests taken at random showed 
elastic limit 130,000 Ib. per sqr. in., ultimate 
strength 142,000 lb. per sqr. in., elongation 20-5 
per cent., reduction of area 65 per cent., and Brinell 
hardness 303. 

On a series of tests on 2-in. round bars, taken 
from the same type of steel after quenching in oil 
at 1,450 deg. F., and drawing at the temperatures 
indicated, the following results were obtained :— 














| 
Drawing | Reduc- | Brinell 
Tempera-| Elastic | Ultimate| Elonga- tion Hard- 
ture. Limit. | Strength.| tion. in Area. ness. 
| Ib. per | Ib. per 
deg. F. | PA in. | sqr. in. | per cent. | per cent. “ 

500 | 233,000 | 249,800 | 14-0 . 455 
900 | 170,000 | 189,200 16-0 51-6 363 
1,000 | 161,000 | 180,700| 18-5 | 58-8 | 344 
1,100 166,800 | 166,800 18-5 60-0 328 

] | 











These results show the very small change in 
physical characteristics between samples drawn at 
900 deg. and 1,100 deg. F. On another type of 
oil-hardened steel, the tensile strength was in excess 
of 200,000 Ib. to the square inch for all drawing 
temperatures up to 1,000 deg. F., and the elastic limit 
in excess of 200,000 Ib. to the square inch for all 
temperatures up to 900 deg. F. 

Tests on another standard steel quenched in oil 
at 1,450 deg. F., and drawn at 400 deg. and 1,100 
deg. F., respectively, gave results tabulated in the 
next column. 

The most important mechanical operations to 
which steel is subjected in the manufacture of 
finished products are cold pressing, forming, heading 
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Drawing } | | 
Tempera- Elastic | Tensile | Elongation.) Reduction 
ture. Limit. | Strength. | im Area. 
| ! 
) Ib. “7 | Ib, wee | 
deg. F. > m | r. in. per cent. per cent. 
400 2,000 | 336,600 10-0 | 22-4 
1,000 190,000 | 202,000 15-0 | 50-1 





and machining. An efficient response in the 
operations involving cold flowing of metal, effects 
savings in fabrication costs by diminishing the 
rejections of semi-finished and finished parts as 
well as maintenance costs of dies and tools. The 
merits of molybdenum steels in these respects have 
been well established. Molybdenum steel can be 
machined more easily than other alloy steels of 
equal physical properties. This has been established 
by the production results obtained on several 
thousand tons. In one instance quoted, it was 
stated that the tool grinding costs using molybdenum 
alloy steel were but one third as high as those 
incurred when dealing with a3 per cent. nickel 
steel of the same hardness and with corresponding 
shop production. Front axles with Brinell hardness 
up to 340 machined as well as chromium-nickel 
steel of only 302 Brinell hardness. 








INCOMBUSTIBLES IN GAS. 

Tue publication of the Report of the Depart- 
mental Committee of the Board of Trade on “ Gas 
Incombustibles,” has quickly followed the publica- 
tion of the Carbon Monoxide Committee’s Report, 
with which we dealt in our issue of last week. 
The Limitation of Inerts Committee, as it has also 
been called, was appointed at the same time as the 
CO Committee, and examined its twenty witnesses 
also last winter and spring. The problems before 
the two Committees were similar; some of the 
witnesses appeared before both the Committees, and 
like the CO Committee, the Incombustibles Com- 
mittee arrives at the conclusion that “it has not 
been established in evidence that restriction of 
incombustibles is necessary or desirable at the 
present time as a safeguard of the widely-varying 
interests of the gas consumer.” The Committee, 
therefore, recommends that “‘at present no limita- 
tion be placed .on the proportion of incombustible 
constituents in town gas.” But they add that 
“after a period of three years, when the therm 
basis of charging for gas delivered has become 
general throughout the United Kingdom, and the 
difficulties under which some gas undertakings now 
labour are likely to have become mitigated, a further 
inquiry be instituted into the question comprised 
within our terms of reference.”” Thus, a definite 
period for further investigation is suggested by this 
Committee. 

The Committee consisted of Messrs. James Hunter 
Gray, K.C., chairman; Mr. W. J. Atkinson Butter- 
field, M.A., F.1.C.; and Dr. Cecil Howard Lander, 
M.LM.E., with Mr. W. H. L. Patterson as secretary. 
It examined representatives of the Sheffield Gas 
Consumers’ Association, members of the firms of 
Messrs. Edgar Allen and Sons, Messrs. Hadfield, 
Messrs. Vickers and others ; representatives of the 
railway companies, of the London County Council, 
of the National Gas Council, and of the Gas Com- 
panies’ Protection Association, and some indepen- 
dent experts. By incombustibles the Committee 
understands—rightly, no doubt—not only carbon 
dioxide and nitrogen, but also oxygen, though 
oxygen is not an incombustible constituent of 
gas; for the consumer does not wish to pay for 
oxygen as part of his gas, considering that there is 
generally enough oxygen and air present to sustain 
combustion. All these constituents leak into the 
retorts from the air and the flues, when the walls are 
porous or the lids do not fit well and when a slight 
vacuum is maintained in the retorts, which may be 
necessary to prevent the escape of combustible gas. 
_ The incombustibles dilute and deteriorate the gas. 
Since, however, the Gas Regulation Act of 1920 
authorises the gas undertakings to charge for the 
thermal units supplied and to supply gas of what- 
ever calorific power they prefer, subject to giving 
notice, and subject to taking, at their own expense, 
such steps as may be necessary to alter and replace 
the burners in consumers’ appliances in such a 
manner as to secure that the gas can be burned with 





safety and efficiency, there was no ground for the 
Committee to recommend any limitation of incom- 
bustibles in so far as the’ presence of these inerts 
in the gas merely affects its calorific value. Their 
task was to investigate the extent to which an 
increase in the proportion of incombustibles affects 
the fitness or efficiency of the gas for any of the 
varied uses. That problem is wide and intricate 
indeed. Much of the evidence brought before the 
Committee concerned the use of gas fuel by the 
metallurgist and engineer. A poor gas, acceptable 
for general heating, may be unfit for steel furnaces, 
and the Committee hence had to inquire also into 
the advisability of restrictions in particular cases. 

The problems had occupied the Fuel Research 
Board since 1917. In its report on Gas Standards 
of January, 1919, this Board had expressed the 
opinion that the imposition of a maximum limit of 
12 per cent. of inert gas would in no way curtail 
the legitimate freedom of choice of raw materials 
and methods of production, and subsequent con- 
ferences of producers and consumers had agreed 
upon limits for definite periods, 20 per cent. for 
the first two years, 18 per cent. for the next two 
years, and 15 per cent. thereafter. Almost at once, 
however, this compromise had alarmed some gas 
managers. On the other hand consumers seemed 
to have very good reasons for complaint. The 
evidence of the Sheffield industrials, who during 
the war used about two-thirds of the town gas and 
are still wanting half of the gas, was very plain and 
strong. Whether or not the calorific power had 
gone down on account of an increase of inerts 
their furnaces and appliances would not work when 
the calorific power dropped from 560 B.Th.U. to 
480 B.Th.U. and 448 B.Th.U. or when the pressure 
fluctuated considerably. They objected, as Dr. 
R. 8. Hutton put it, to being placed at the mercy 
of the gas company which took little heed of the 
requirements of the consumer. The Committee 
was not satisfied by the evidence that reduction of 
the incombustibles per se would have avoided these 
troubles. They consider that the further suggestion 
of high incombustibles giving unsteady Bunsen 
flames had only been made on theoretical grounds. 
As regards incandescence lighting they had received 
evidence on tests of gas containing largely varying 
proportions of incombustibles from various districts, 
and that evidence did not reveal any serious detri- 
mental influences. 

The evidence on behalf of the gas industry was 
to the effect that gas engines and low-temperature 
operations were not affected to any but a negligible 
extent by the high percentage of inerts, provided 
high carbon dioxide percentages in particular were 
excluded. The Committee expressed agreement 
with this conclusion at which a committee of the 
Institution of Gas Engineers had arrived. As 
regards incandescence mantles the Committee 
reports that high CO, and nitrogen would mostly 
come into the gas together with the producer gas 
and water gas added to the straight gas which would 
balance the deleterious effect ; the Committee, more- 
over, points out that the experimental evidence 
submitted relied on lighting experiments made with 
upright mantles whilst the modern tendency is 
decidedly in favour of inverted mantles. Air in 
even considerable proportion, and carbon dioxide, 
unless exceeding 8 per cent., are not considered 
detrimental by the Committee, provided the 
calorific power of the gas is kept above a certain 
minimum, ¢.g., 400 B.Th.U., which would not be 
onerous to the gas industry at the present time. 

The report draws attention to the present diffi- 
culties of the gas industry and to its possible future 
developments. The inferior quality of refractory 
materials and the difficulties of repairs and of 
maintaining adequate purifying plants were success- 
fully pleaded by the gas industry. Dr. Charles 
Carpenter mentioned—his evidence is not quoted 
in the report—that whereas the German fire bricks 
had lasted 3,000 days. the average life of the British 
material was only 1,700 days or 1,800 days; he 
had in one case worked for a year with a material 
which eventually had a life of 300 days only. The 
chairman fully agreed that these considerations 
should be borne in mind, and they will, of course, 
be remembered. Yet they rather place the gas 
production on a special footing, and the point must 





not tempt us into a discussion of international 
trade restrictions. With respect to the future 
the Committee point out that a gas of high calorific 
value may become available requiring, for the 
purpose of easy distribution and use, considerable 
dilution with low-grade fuel gases containing high 
proportions of incombustible constituents. Alter- 
natively gas of comparatively low calorific value and 
of high inerts might widely become available from 
processes involving internal heating of the retorts. 
Without expressing any opinion as to the applica- 
bility of such proposals the Committee does not 
wish to prevent the gas undertakings from availing 
themselves of these considerations. 

We have already stated the recommendations 
made by the Committee. They also indulge in a 
suggestion of a reduction in the charge which might 
conceivably compensate the consumer for some 
detriment that he might suffer through a conse- 
quential alteration in the proportion of incom- 
bustibles in the gas. That optimistic ray will 
hardly penetrate far into our actual atmosphere. 
We regard the problems as serious. Grumbling 
over a bill for light and heat is a different thing 
from having to change back from gas to coke or 
electricity, and that seemed to be the question 
for some of the Sheffield witnesses. But matters 
will have to go on for the present. 





TRANSPORT IN ROUMANIA. 

Tur dominating factor at the present time in 
Roumania’s efforts to re-establish herself is, 
according to a report recently issued by the Depart- 
ment of Overseas Trade, transport. Storage seems 
to make a good second. As most people know 
now the effects of the war on the country were in 
many ways very serious. The railways which were 
proving inadequate in 1914, suffered badly from 
the invasion of the country, the Germans with- 
drawing all the stock they could lay hands on, and 
destroying 59 railway bridges. The railways lost 
their personnel ; the men on return found difficulty, 
as elsewhere, in settling down again to regular 
sustained industrial effort, and serious dis- 
organisation and congestion followed. The loco- 
motive question seems to have been the most serious 
point, though the permanent way was also in bad 
repair so that high speeds were impossible. 

Since the armistice locomotive work has been 
still further complicated by the fact that engines 
have been purchased in Austria, Bohemia, Germany, 
Canada and the United States of America. The 
question of repair, therefore, has become serious, 
for though many new engines have been acquired 
none last very long without some repair or other, 
especially when attention is none too good. In 
addition France delivered a few engines to Roumania 
which Germany had handed over at the armistice, 
and these, of course, were not new machines. The 
efforts of the country to put its transportation on 
to a footing capable of assisting the re-establishment 
of industry has resulted in some peculiar experi- 
ments. A system for instance, was introduced 
by which anybody who paid for the repairs to a 
locomotive was entitled to use it for the transport 
of their own goods. It is stated that a profitable 
business sprang up in which traders got hold of 
locomotives in this way and were able to run fast 
services at high rates when apparently the Govern- 
ment could offer no facilities at all, or only with such 
serious delays as to make business impossible. This 
system was abolished after a time, but was replaced 
by another in which it was arranged that persons 
purchasing a locomotive of an approved type should 
have the exclusive use of the machine for three 
years, or until the charges-at fast goods schedule 
amounted to the sum advanced for the purchase of 
the locomotive. The administration undertook to 
supply the necessary trucks. The difficulty in the 
way of this scheme appears to be that very few 
firms have sufficient money to enable them to 
purchase any locomotives, but it is stated that it is 
attracting support. 

It is interesting to note how the whole life of the 
country is dependent upon the resuscitation of the 
railways. Speaking in very broad terms, the 
population is agricultural and depends upon its 
exports for its existence, or at any rate for life on a 
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civilisation. Export of grain on the one hand means 
heavy seasonal transportation which the railway 
administration has been unable to cope with. In 
like manner life on the western scale entails large 
imports which have to be distributed over the 
country. Just as the railways have been unable to 
handle the export traffic, so have they failed with the 
distribution of imports, with the result that the 
ports have been hopelessly congested and much 
damage done to imported goods through storage in 
the open owing to the accommodation failing to 
meet the case. 

Under the circumstances thoughts naturally turn 
to road transport, and the report we have referred 
to states that there would seem to be a good opening 
for British firms who could send to Roumania, and, 
apparently, run there lorries for the transport of 
the better paying classes of traffic. Road transport 
has, it admits, been tried with 2}-ton lorries and 
2-ton trailers, but since the war repairs have been 
found to be very expensive. This seems to have 
been partly due to the very bad state of the roads 
causing heavy damage to the tyres, and partly to 
inexperience of the drivers, which last could be 
possibly overcome in the case of foreign companies 
making the venture. It may be mentioned that 
even under ordinary pre-war circumstances very 
few of the branch roads were made up, while the 
main roads to-day are in a very bad condition. 

The state of land transport is paralleled by that 
of the water communications. The country is 
blessed in the Danube with a waterway of great 
value, even in years when the water is low. But the 
war resulted in a great reduction of the lighters 
and tugs on the river, with a consequent decrease of 
shipping facilities. Something like 110 lighters are 
reported to have been destroyed or sunk in the 
Danube, while 89 were taken to other waters during 
the war; some 22 tugs also disappeared, 14 being 
captured and 8 sunk. It is stated that no less 
than 100,000 tons of Danube shipping were sunk 
or confiscated by neighbours. In order to save 
lightering grain down to Sulina sea-going steamers 
have been taken up to Braila for loading, but the 
depth of the river being insufficient for full load 
the vessels have to return to Sulina or Constantza 
to complete the load, so that on the whole the situa- 
tion is not much improved. The new territory of 
Roumania has greatly added to the river-served 
country, so that normally a great increase in 
facilities would be required, though instead the 
available facilities have been decreased, it is 
reckoned, some 30 per cent. It is suggested that 
there is an excellent opening for river craft, though 
it is doubtful whether Roumanian purchasers 
could be found. It must be remembered that with 
the value of the lei at its present level even a 
Roumanian millionaire is not a very rich man 
when it comes to buying things from this country, 
and it would probably be easier to do business if 
the supplier were prepared to retain an interest 
in the venture, than if the deal were confined to a 
mere sale, for instance, of river craft. 

Roumania is normally a large exporter of grain, 
and it is chiefly this form of traffic which the trans- 
port situation has upset to such an extent, and 
this with the grain available for export only a portion 
of the total which used to be disposed of before the 
war. With her new territory it is estimated the 
country ought to be able to export about five or six 
million tons, whereas in 1920 she exported only 
900,000 tons. Not until transport is improved can 
the country hope to export anything like its full 
quota. 

The same influence has adversely affected the 
oil industry. The lack of locomotives and tank 
cars, and the unreliability of the pipe lines which 
have survived, coupled w'th the irregularity of the 
supply of electricity, has resulted in very poor 
production, since storage has been totally in- 
adequate to supplement the lack of facilities of 
disposal. Some extremely good wells have been 
struck since the war, but the total yield has been 
less than that obtained by the Germans during 
their occupation in 1918, and at the present rate 
of drilling, which almost ceased in 1920, it will be 
very many years before the industry is really 
flourishing again. The position has been influenced 
adversely by the fluctuation of exchanges, and by 





Government regulations which have been well| with scaly graphite. In this and in other experi- 


intentioned for the country as a whole, but have 
affected the large exporting industries rather 
seriously. 

For those who may still happen to cling to the 
nationalisation of railways as the cure-all for all 
transport troubles we may note that in 1920, in the 
hope of improving matters a little, the Government 
of Roumania appointed commissions to classify 
goods for urgency of transportation. The scheme 
was rendered more or less futile by the Railway 
Administration giving precedence to its own traffic 
and after that to obtaining Governmental traffic and 
the War Office traffic, after which only could trucks 
be found for the transport of agricultural imple- 
ments and other imports. It is, of course, very 
largely due to the complete failure of the trans- 
portation machine that the disorganisation of Rus- 
sia is so complete, and that the country is threatened 
with the terrors of a large scale famine, for which it 
seems it will be impossible to organise adequate 
relief. Roumania, however, is on a different footing 
and is honestly giving her mind to setting her house 
in order, and as she is the producer of two of the 
essentials of life, if she can regain something of her 
pre-war export trade there is a prospect of her 
recovery from the waste of the recent years at an 
earlier period than a good many other nations. 








NOTES. 
THe Dorres or aN ARBITRATOR. 

THE engineer is frequently called upon to act 
as arbitrator. When asked for the first time 
to undertake the task of deciding a dispute he may 
feel some uncertainty as to the extent of his 
powers; but he will not go far wrong if he 
follows the procedure adopted in a court of 
justice. Thus he should take care to decide nothing 
without having heard the parties or their legal 
representatives, unless he has been expressly invited 
to decide the matter referred to him on documents 
and without hearing evidence. A recent case in the 
King’s Bench Division illustrates the danger which 
attends the arbitrator who decides without hearing 
the parties. A dispute which arose under a charter 
party between the French Government and the owner 
of a steamer was referred to arbitration under 
a clause providing that in the event of a dispute 
each party was to nominate a commercial man as 
arbitrator, and, if the arbitrators differed, they were 
to appoint an umpire. It appeared that the 
recognised practice in commercial arbitrations was 
that, unless the parties gave notice that they desired 
to attend personally or by their solicitors or counsel, 
the arbitrators presented the evidence and arguments 
to the umpire and had full power to act as advocates. 
The parties each appointed a commercial arbitrator, 
and the arbitrators appointed an umpire. The 
umpire, without hearing the parties, made his 
award on the case as presented by the arbitrators. 
On a motion to set aside his award on the ground 
of misconduct by the umpire, there was no evidence 
that the claimants had restricted the powers of 
their arbitrator in any way. It was held that in 
view of the practice and the authority given to the 
claimants’ arbitrator there was no evidence of 
misconduct by the umpire, and the motion failed. 

In this instance it will be seen that the Court was 
satisfied that there was a custom or usage amongst 
city men when acting as arbitrators to decide 
without hearing the parties ; but it is conceived that 
the French Government will not find it very easy 
to appreciate how an English Court of Arbitration 
could have found against them in their absence. 
The “custom” or “ practice’ referred to may be 
commonly observed, but it does not appear to be 
very reasonable ; and all persons who are concerned 
in a dispute which is referred to arbitration should 
take care to see that their right to appear before 
the arbitrators is preserved to them. 


Tue Fusion or CaRBON. 


In our issue for May 13, on page 588 of vol. cxi 
of ENGINEERING, we mentioned the experiments of 
E. Ryschkewitsch on the fusion of carbon. Rysch- 
kewitsch heated slabs of carbon joined to form 
a box frame by means of carbon electrodes fitted 
into the frame, the interior of which he packed 





ments, made in the graphite works of Kropfmiihl, 
near Passau, he obtained evidence of incipient fusion 
and of a welding-up of the slabs with the carbon 
electrode. He did not claim, any more than the 
previous experimenters in this field, Despretz, La 
Rosa and Lummer had done, to have produced 
jumps of fused carbon. This claim is made by 
Siegmar Miinch in the Zeitschrift fiir Elektrochemie 
of August of this year, pages 367 to 369, who 
recommends the use of very strong currents up to 
1,500 amperes, and starts with graphite. His 
horizontal electrodes are graphite cylinders a few 
centimetres in diameter. Between these he places 
the graphite rod which is to be heated directly by 
the currents ; the rod has a diameter of about 4 mm. 
and a length of 5 cm.; the one end of the rod is 
fixed to the anode, the other is gently pressed 
axially against the cathode. Heating in the air 
without having recourse to any insulation he finds 
that currents of 1,000 amperes made the rod as 
flexible as a white-hot nail, and that on increasing 
the current, fusion began at the cathode end, 
from which drops of fused carbon would fall. 
These drops were received in a ring-shaped graphite 
cup encircling part of the rod. At the same time 
the carbon would catch fire. By maintaining a 
suitable pressure between the rod and the cathode 
the whole rod could be fused. When fusion has 
set in, the current has to be reduced to suppress 
undesirable arcing. Miinch says very little about 
his fused carbon, which he describes as having 
a metallic lustre. He gives a sketch of his arrange- 
ment, but does not reproduce photographs of his gra- 
phite, as Ryschkewitsch had done. Ryschkewitsch, 
writing in the same issue of the journal quoted, 
regrets the omission of further details and of 
analyses of the graphite used ; we had to criticise 
his own communication for similar reasons. The 
explanation may be that neither experimenter 
obtained sufficient fused carbon or graphite for a 
reliable analysis. Though Miinch states that the 
whole rod can be fused, he does not say how much 
fused graphite he actually produced. Heating 
in the open air, he admits, would not give many 
drops of fused carbon, because a great deal of the 
carbon would burn away, and there-would also be 
great heat losses. Careful insulation and exclusion 
of the air at very high temperatures and current 
intensities are, of course, very difficult to secure, 
yet something might be done in that respect. Both 
experimenters intend to continue their researches. 
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Mine Rescue Work and Organisation. By H. F. Buuman, 
Associate Member of the Institution of Civil Engineers, 
Fellow of the Geological Society, and Freprric P. 
Mitts, Fellow of the Surveyors’ Institute, Chief 
Officer of the Durbam and Northumberland Collieries 
Fire and Rescue Brigade. London: Crosby, Lock- 
wood and Son. [Price 12s. net.] 


Tue first instance of a life being saved by making 
use of a specially-devised breathing apparatus 
occurred in 1913, in connection with an explosion 
at a small colliery near Huddersfield. Probably 
little attention was given at the time to this success- 
ful application of a scientific device, but it proved 
the initial movement of a large organisation that now 
includes 50 central rescue stations, scattered through 
the coal-mining districts, directing the energies 
of some 6,500 carefully-picked and trained men, 
who devote themselves to the dangerous and 
arduous task of rescue work in collieries, when 
accident has created an irrespirable atmosphere 
that prevents the application of ordinary remedies. 
Legislation based on the Coal Mines Act of 1911, 
empowering the Home Secretary to issue regulations 
for improving the conditions of underground labour, 
has, of course, materially affected this rapid progress, 
but it would be wrong to ignore the spirit of self- 
sacrifice and devotion exhibited by the men them- 
selves in giving loyal service to this development. 
This humane work is continually increasing, but 
the literature of the subject is scanty, for no efficient 
guide book exists that describes the nature of the 
training demanded from applicants for employment 
in rescue work, the mechanism of rescue apparatus, 
and its advantages and limitations in use. This 
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defect the authors have endeavoured to supply, and 
we believe the result will be useful to the public, 
who need information on the extent and character 
of this beneficent work, and will also be of value 
to the specialist who is preparing himself for a 
responsible and hazardous post. 

First it is desirable to prevent the public enter- 
taining an exaggerated idea of the utility or the 
purpose of rescue apparatus. Colonel Blackett, 
President of the Institution of Mining Engineers, 
who supplies a foreword to the work under notice, 
is careful to warn the public that increased safety 
does not lie in the training of large numbers of 
men in the use of breathing apparatus and similar 
appliances, though these must be on hand when 
needed. The work of these men comes only after 
the accident they are powerless to prevent, and 
whose consequences they ean very imperfectly 
mitigate. The use of breathing dresses in poisonous 
gases is attended with such risks that the use of 
these should be regarded as a last resource, only to 
be employed when a well-defined purpose appears, 
which can be described in terms of locality and 
distance, and after all the ordinary means of seeking 
access to, and exploring, a mine has been in- 
telligently used and exhausted. The apparatus is 
cumbersome, liable to disarrangement, and the 
radius of action is exceedingly limited. In the 
American service with the type of apparatus there 
in use, the rule is enforced that the “ maximum 
straightaway unobstructed course should not exceed 
5,000 ft., with a reserve crew at the fresh air base. 
Moreover, violent exertion while breathing oxygen 
is discouraged. Even when danger threatens to 
overtake a trained man, he is recommended to seek 
safety very slowly, not attempting to walk more 
than 2} miles an hour. We are therefore far from 
the days when an individual outfit will be supplied 
to the miner with his lamp and other accessories. 
Increased safety must be sought in the prevention 
of fires and explosions, rather than in the rescue of 
victims after such disasters. The discussion of the 
means of prevention forms no part of the author’s 
plans, but we must not overlook Colonel Blackett’s 
earnest recommendation of the “study of the 
co-ordinated uses of all the other appliances by men 
with a finely-balanced sense of ‘ pitmatics,’ and I 
live in hope that, with the almost certain safety 
which must result from the compulsory application 
of stone dust in coal mines, the need for so much 
‘rescue’ work and so many ‘regulations’ may 
recede.” 

This is not intended to disparage the use 
of the breathing dress in its proper place, 
which finds a large field of usefulness in its own 
sphere. To illustrate its true function we may 
instance the success achieved at the Podmore Hall 
Colliery, North Staffordshire, wrecked from an 
explosion in 1918, when 155 lives were lost. The 
seam where the explosion occurred gave off fire- 
damp freely and was liable also to spontaneous 
combustion in gob fires. The onerous work of 
examination and repairing could be effected only 
by sealing off the forward areas by advanced stop- 
pings, to be erected in positions where the atmo- 
sphere was irrespirable. Rescue brigades wearing 
“ Proto-breathing”’ apparatus were organised, 
working in relays. For more than twelve months 
the work went on, no less than 34 stoppages being 
built in an atmosphere devoid of oxygen, and the 
seam was built up step by step, the last body being 
brought out thirteen months after the work had 
started. In another case where it was necessary to 
clear falls of stone, re-lay railway, build new stop- 
pings, &c., three teams of five men lived during the 
working hours of four months on the oxygen supplied 
by their breathing apparatus. It was found possible 
to work under such conditions and in a temperature 
of 75 deg. F. for 90 minutes, with a rest of equal 
length. Such instances demonstrate the true 
purpose of a breathing apparatus, rendering possible 
the accomplishment of work - which otherwise 
could not be attempted. But the term “ Rescue- 
dress” is unfortunate, as it suggests too narrow a 
view of the general aim and usefulness of the various 
devices put on the market. 

The construction of a suitable apparatus has 
engaged the attention of the ingenious for more than 
fifty years, but little real advance was made till 











science had demonstrated the exact nature of th®|see no mention of the Burrell gas detector, which 


requirements that had to be met. Thenceforward 
progress was rapid. Doctors Haldane and Leonard 
Hill, who may be regarded as true pioneers in this 
inquiry—one by his physiological work, the other 
by his researches on the effect of impure gases on the 
system—were able to place a distinct problem before 
the engineer and the mechanic, who have ably 
responded. The problem is how to convey to a man 
such a supply of fresh air that he may be enabled to 
work strenouusly in a poisonous atmosphere for 
at least an hour. The apparatus must be portable, 
as light as is consistent with strength, and yet 
strong enough to withstand the severe usage to 
which it will be subjected while the miner travels 
over the scattered wreckage, the consequences of 
mine explosions. It must be mechanically so 
perfect that it will not fail to function, and must 
be of such simple construction that it can be mani- 
pulated in the dark, and even in smoke so dense 
that an electric lamp is of small assistance. Since 
it is impracticable to compress into a portable tank 
sufficient atmospheric air to supply the breathing 
needs of the wearer, pure oxygen is used, and in its 
general features a rescue apparatus consists of a 
small tank of compressed oxygen, a reducing valve 
through which the oxygen flows to a mouthpiece 
connected to the breathing bag by flexible tubes, and 
a receptacle containing caustic alkali for absorbing 
the carbon dioxide from the exhaled air. Valves, 
that open and close at each breath, prevent expired 
air from returning to the lungs before it has passed 
through a purifier. 

Such an arrangement sounds fairly simple, but 
there are many diffculties to be overcome which 
have introduced great variety of detail. Among 
these may be mentioned the provision of means 
to prevent injury from the heat generated by the 
chemical action, which takes place in the purifier, 
between the caustic soda and the carbon dioxide 
and moisture in the expired air, and the adoption 
of precautions to make the apparatus absolutely 
airtight in order to prevent the smallest leak 
inwards from the outside atmosphere. An important 
chapter is devoted to the description of the various 
kinds of apparatus that have been designed to secure 
the main end, and of the particular details that 
have been adopted. After thorough discussion, 
the authors apparently attach entire approval 
to the Brigg’s form of construction, which has been 
but recently introduced to the public, and has not 
been fuly submitted to expert criticism or the 
severer test of actual trial. In a Canadian com- 
petition between the several kinds of apparatus 
known as the Proto, the Gibbs, and the Paul, this 
last, an American invention of recent date, all 
three proved equally efficient when no strenuous 
exertion was required of the workers, but when 
the strain was increased, signs of fatigue were 
exhibited after an hour’s exertion by those wearing 
the Proto and Gibbs’ apparatus, while the Paul 
proved its efficiency under all tests, ensuring a 
plentiful supply of oxygen at a fairly low tempera- 
ture, and an almost complete absorption of the 
carbon dioxide. The tale unfolded is one of con- 
tinual progress, though perfection may not be 
reached, for capable designers instructed by matured 
experience continually improve on earlier attempts. 

Another chapter possessing very considerable inter- 
est, even for those who are not likely to make trial 
of the ingenious appliances mentioned, is devoted 
to the description of apparatus other than those 
connected with the supply of oxygen. The smoke 
helmet is one which often gives very good results 
where the irrespirable 4tmosphere to be traversed 
does not exceed 60 yards or 70 yards from good air. 
This is a simple device by which ordinary atmo- 
spheric air is delivered to the helmet by a pump or 
blower fan through lengths of armoured hose. 
In its simplest form, this contrivance dispenses 
with the pumping machinery and the air is drawn 
by the action of the lungs through a tube having 
an airtight joint with the mouth and suitable valves 
for inlet and discharge. The distance at which 
such a device can be used is limited by the friction 
of the air through the tube, and probably would 
not exceed 20 ft. or 30 ft. Air-sampling tubes, 


hand pumps, gas-detecting apparatus and various 
other appliances all come under review, but we 








is said to give excellent results in American practice. 
For detecting the presence of inflammable gas 
it has an advantage over a flame safety lamp, 
because its use eliminates any error arising from 
defective vision, and the exact amount of gas 
present can be quickly determined within 0-1 per 
cent. On the other hand, we are told of another 
American device in which a specially-prepared 
chemical, whose composition is not given, changes 
colour when brought into contact with carbon 
monoxide. This should prove useful as the 
mechanical arrangements aie very simple and the 
evidence decisive. The Geophone, an adaptation 
of mechanism found useful in the war for determining 
the direction of the underground mining operations 
of the enemy, fulfils now a more fruitful purpose 
by assisting imprisoned men to make known their 
whereabouts to a rescue party. Whether the device 
has found practical application in mining accidents 
is not stated, but the arrangements are ingenious. 
To those who propose to take up rescue work, 
or are actually engaged in it, much useful informa- 
tion is given on the necessary preliminary training, 
the essential requirements of the Home Office, 
and the design and equipment of rescue stations. 
The book collects and makes available a quantity of 
floating information and valuable experience that 
will benefit both the recruit and the instructor. 
But as Colonel Blackett hints, prevention is better 
than cure, and we hope the authors will see their 
way to supplement their work by detailing the 
principles, and placing in the hands of those most 
immediately concerned, the means of becoming 
acquainted with the methods that have been 
devised for securing greater safety in coal-mining. 





Applied Colloid Chemistry. General Theory. By 
Witpver D. Bancrort, Professor of Physical Chemistry 
at Cornell University. New York and London : 
The McGraw-Hill Book Company. [Price 18s. net.]} 

Tuat the literature on colloidal phenomena and their 

theoretical bearing is advancing at a far more rapid 

rate than applied colloid chemistry, is largely - 
to the increasing tendency of physical chemists of 
regarding most materials and reactions as in- 
trinsically colloidal. If textiles and cements be 
colloidal, the manufacturer has not yet found him- 
self obliged to modify his methods for that. reason. 

At the same time the dyer is quite aware that he is 

dealing with colloids, and most manufacturers 

understand by this time that they should make 
themselves acquainted with the science of their 
technical processes. What they may complain 
about is that scientists do not always facilitate such 
studies, even when they write on applied science. 

The preface to the “‘ Applied Colloid Chemistry ” 
by Professor W. D. Bancroft, of Cornell University, 

Ithaca, New York, is not encouraging in this respect. 

“This volume on general theory,” the author 

writes, “ should be followed by at least one volume 

on each of the following subjects: Silicate indus- 
tries; paints; plastics; fibres and dyeing ; 
photochemistry and photography ; petroleum ; or 
flotation ; foods and beverages; soils and crops ; 
biology and medicine. Allowing a minimum of 
three years to a volume it seems very improbable 
that I shall write all of these single-handed. With 
the general theory of the subject once cleared up, 
there is no reason why the other volumes should 
not be written by people whose knowledge of the 
special subjects is much greater than my own.” 

The personal note struck is sympathic. But is 

there really a need of all these special volumes from 

the colloid standpoint ? Might not the general 
theory have been exposed in such a way as to 
admit at least of grouping some of the special 
technical subjects ? 

Professor Bancroft has adopted the main title : 

“‘ Applied Colloid Chemistry,” with the sub-title 

“General Theory.” Strictly speaking, he gives 

neither. His references to applications are limited 

to a few lines; they are not needed in this volume. 

But his theory is too broad without being sufficiently 

specialised. It suffers from the inclusion of subjects 

such as rainbows, and the colour of the iris and of 
the tree-frog. To devote 126 pages out of a total 

of 333 pages to absorption and adsorption looks a 

little like monopolising general problems of physical 

chemistry for his own particular purpose. No 
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tion, and a good deal of his detail might have been 
left out. With the chapters on Surface Tension 
and Brownian Movements, on Coalescence and on 
the Preparation and Properties of Colloids we are 
certainly right in the subject. But he speaks of 
condensation methods and dispersion methods of 
preparation, without explaining his terms, and the 
reader may fail to see the forest for the trees. 
Professor Bancroft is known as a most painstaking 
searcher and worker. We are everywhere interested 
by his quoting forgotten experiments and his 
pointing out suggestive analogies. Yet he limits 
himself in Chapter XII on Gases and Solids in Solids 
to the colours which metals and their compounds 
impart to glasses, and though frequently referring 
to Zsigmondy, he omits to say that the colour is not 
merely dependent upon the size of the particles. 
We do not wish to dwell on such omissions, however, 
nor to call for a more mathematical treatment. 
The point is that too many pages of the volume 
read as if they had been incorporated from Professor 
Bancroft’s own abstract notes. His abundant 
literature references, very welcome to the specialist, 
testify more to his diligence and thoroughness, 
than to his gift as a lucid and systematic exponent 
of difficult problems. 
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INDUSTRIAL NOTES. 

Tue eighty-seventh quarterly balance sheet, to 
June 30, recently issued by the General Federation of 
Trade Unions, shows a total of 132 societies affiliated, 
with a gross membership of 1,546,746. The investments 
in War Stock, War Loan and War Bonds, &c., and 
cash in hand, total £92,496. In his report the secretary, 
Mr. W. A. Appleton, states that, as was clearly antici- 
pated, the return to the normal industrial and com- 
mercial conditions has been accompanied by unemploy- 
ment more serious than has occurred on any similar 
form of industrial disturbance within the recollection, 
or eyen the historical cognisance, of the people of this 
country. In one of the basic trades—the steel trade— 
it has been stated that 90 per cent. of its members 
have been unemployed. Not only the steel workers, 
but the ironstone miners and everyone connected with 
the getting of ironstone, the smelting of steel, has 
suffered incredibly. Dealing generally with trade 
unions, Mr, Appleton says the large influx of new 
members during the war period forms an unstable 
membership which has added to the liability and is 
increasing the difficulties of some unions; their un- 
employment funds are depleted, and their resisting 
capacities grievously weakened. “There are many 
heel the trade union movement needs,” adds Mr, 
Appleton, “if itis going to be successful. It needs, 
among others, a better understanding of its relation to 
trade and commerce.” 





A very clear illustration not only of the coal trade 
but of the general trade of this country is afforded 





Tons. Value. Value per 
Ton. 
July, 1921 .... 816,000 1,560,0001. 38s. 2d. 
July, 1920 .... 2,097,000 8,928,000. 85s. 2d. 
July, 1913 .... 6,975,000 4,846,000/. 13s. 10d. 


In our issue of last week we gave an example of trade 
union restrictions. Another example has since come 
to our notice, Contractors who are building a number 
of houses at Scunthorpe, Lincolnshire, in their desire 
to finish the work as rapidly as possible introduced a 
system of payment by result. A few bricklayers were 
hired under the scheme at the local union rate of 
28. 1d. per hour, and at the end of the week, their job 
being measured up, it was found that each man was 
entitled to 5d. above the local rate, the wage thus being 
2s. 6d. per hour. The men were quite satisfied with 
the scheme, which was working quite smoothly, but 
officials of the Bricklayers’ Union stepped in, and on 
the excuse that this was a piecework system, they 
called the men out on strike. Men in other trades have 
come out in sympathy, and 300 men are affected. 





We are glad to state that the wages dispute in the 
chemical trades, to which we referred in our two last 
issues, was settled at a resumed conference held in 
Manchester last Friday between a representative of 
the Ministry of Labour and delegates from the trade 
unions forming the workers’ side in the Joint Industrial 
Council for the trades in question. The men have 
accepted a reduction of 14d. per hour to date from 
August 1, and a further reduction of 4d. per hour from 
October 1; after that, wages are to be stabilised until 
the end of the year. 





A conference has been arranged for the 23rd inst. 
in London, between the Shipbuilding Employers’ 
Federation and the Federation of Engineering and 
Shipbuilding Trades; its object is to discuss the 
employers’ intimation that the payment of the 12} per 
cent. and 7} per cent. bonuses is to cease, in view of the 
provision in the order, granting these bonuses, to the 
effect that they should not continue in force after the 
termination of the present war. By Order in Council 
dated the 10th ult., the 31st ult. (last Wednesday) was 
the date for the official termination of the war. The 
coming into force of this Order in Council affects, as 
from the lst, a number of industries and businesses 
throughout the country from the point of view of reduc- 
tion in wages. 





The apathy which is unfortunately so generally in 
evidence when the voting takes place for the election 


f | of local councillors, is threatening to result in a still 


further increase in rates—which even now stand at an 
unprecedented high figure. Following the example set 
by Islington where the guardians have granted an 
increased scale of outdoor unemployment relief, the 
unemployed in other boroughs are moving with a view 
to obtain similar favourable conditions. They demand, 
per week, 15s. for the husband, 15s. for the wife, 7s. 6d. 
for each child under 16, 15s. for rent, and 3s. 6d. 
for coal. During the time this allowance is being 
granted out of the rates, i.e., out of the wages and 
salaries of the remainder of the community—already 
taxed as it is almost past bearing—little eagerness 
may be expected from the unemployed as regards 
finding work. There have been many instances of 
this state of things in former months, but on a reduced 
scale as regards the “dole.” The Middle Classes 
Union is reported to be protesting against this demand 
by the unemployed ; the greater portion of the burden 
of this new “ economic ” departure in the administra- 
tion of local funds will fall upon the middle classes, 
and it is to be hoped the efforts of this Union will 
succeed. We fear, however, that the action is taken 
too late, and that a heavy bill will have to be paid 
before the next local elections take place. 





Correspondence which has taken place between the 
National Sailors’ and Firemen’s Union and the Trans- 
port Workers’ Federation has just been published. 
The National Sailors’ and Firemen’s Union has with- 
drawn from the Transport Workers’ Federation owing 
to the action of the Triple Alliance during the recent 
coal strike. The Transport Workers’ Federation and 
Triple Alliance are charged with putting the power 
of the Alliance to political uses in Jirecti ions to which 
the majority of the workers are opposed. Mr. R. 
Williams’ reply does not seem to have convinced the 
Sailors’ and Firemen’s Union that they were under a 
misapprehension. The Hull Seamen’s Union has now 
taken similar action and withdrawn from the Transport 
Workers’ Federation. 





An agreement has been reached, it is stated, between 
the Amalgamated Engineering Union and the railway 





in the railway shops, and has refused to recognise the 
right of the National Union of Railwaymen to negotiate 
for these workers. Under the present settlement a 
recommendation is to be made for the wages of shop 
and shedmen to be reduced by 6s. per week as from 
August 15. It may be added that the National Union 
arrived at similar terms with the railway companies 
a short while ago. 








TROLLEY OMNIBUSES AT YORK. 

Tue attractiveness of combining the merits of a 
tramway system with the advantages of the motor- 
omnibus have led to several suggestions of a com- 
promise between these two methods of passenger 
transport, The tramcar has the drawback of requiring 
a costly track, which, moreover, is a nuisance to other 
road-users, and its inability to swerve involves great 
hindrance to itself and to other vehicles when traffic 
is congested. The motor-omnibus, on the other hand, 
is of considerable mechanical complexity and cannot 
take advantage of the economical generation of power 
at a central station. The obvious compromise is a 
railless vehicle taking its power from overhead trolley 
wires, but yet able to move from side to side of the road. 
Such “ trolley-’buses” have been used for several 
years in various towns, both in this countty and abroad, 
and on Wednesday last, a party of engineers inspected 
the recently-installed railless system at York at the 
invitation of Messrs. Railless, Limited, of 56, Moorgate- 
street, E.C.2, who designed and supplied the vehicles. 

The route over which the York trolley-’buses are 
operated is about 1} miles in length, from the Market 
Square of the City to Heworth. Several very narrow 
streets have to be traversed and the turnings are 
numerous and sharp, the route being indeed an imprac- 
ticable one for tramcars. The trolley-’buses, four in 
number, are of the single-deck type, with seats for 24 
passengers. They are light vehicles, with the entrance 
close to the driver’s seat, so that they can be operated 
by one man who also supervises the payment of fares 
as the passengers enter. ach trolley-’bus has two 
23 brake-horse-power motors, one motor driving each 
of the back wheels by means of worm-gearing. There 
is no other gearing on the chassis, and a differential 
is, of course, unnecessary. The motors are operated 
by an ordinary series-parallel controller of the tram- 
way type. Hand and pedal operated service brakes act 
on the rear wheels and a pedal operated emergency 
brake on the motor shafts. 

The overhead equipment is exactly similar to that 
of a tramway except that the trolley wire is duplicated 
to afford a return circuit for the current. The trolley 
wires are 21 ft. from ground level, and the 17 ft. trolley 
poles on the bus permit the vehicles to travel at a 
distance of 15 ft. on either side of the centre of the 
wires. The trolley wheels are somewhat deeply grooved, 
and ample freedom of swivelling is arranged for. The 
trolley-’buses thread their way through traffic with all 
the facility of a petrol bus, and we are assured that 
cases of the trolleys leaving the wires are practically 
unknown. The silence of the vehicles, compared with 
the noise of a tramcar, or even of a motor bus, was 
very noticeable. We were informed that, exclusive 
of capital charges, the cost of running was 11-5d. per 
car mile, this figure including power, tyres and driver's 
wages, Current was supplied at 2d. per kw.h. and the 
consumption was 1-42 kw.h. per car mile, measured 
at the station. 








Tue InstiruTIon oF AUTOMOBILE ENGINEERS; 
Inrormat Merertines.—Arrangements are now being 
made by the Institution of Automobile Engineers for 
holding a series of informal meetings before the London, 
Birmingham, Manchester and Glasgow Centres during 
the winter. These meetings are designed to bring before 
the members new a ries in ction with the 
automobile (such as tyres, carburettors, easy-starting 
devices, and such like), and to allow of their advantages 
being oak canvassed and discussed. Any firm who 
have suitable specialities which they are willing to 
demonstrate at any or all of the centres are requested 
to communicate with the Secretary, 28, Victoria-street, 
London, 8.W.1. 








Personat.—Messrs. Charles Churchill and Co., Limited, 
9-15, Leonard-street, Finsbury, E.C.2, state that they have 
been recently appointed the sole agents for Great Britain 
for the National Acme Company, Cleveland, Ohio, 
U.S.A., who manufacture Gridley automatics, both 
single and multiple spindle, Acme automatics, Namco 
die heads and collapsing taps and numerous auxiliary 
machinery such as bolt th s, screw holders, multiple 
spindle drillers and screw head shaving attachments, &c. 
—Mr. N. G. Gedye, M.Inst.C.E., informs us that having 
relinquished his appointment as Chief Civil Engineer 
for Docks, Harbours and Inland Waterways, to the 
Ministry of- Transport, he is resuming practice as 4 
Consulting Engineer, with offices at 5, Victoria-street, 
8.W.—We are informed by the Aster Engineering Com- 
pany, Limited, of Wembley, Middlesex, that they have 
taken over all the ‘‘ Anthony’’ patents for steam pumps, 
regulators and gearless pumps. 
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DIAGRAMS OF THREE MONTHS FLUCTUATIONS. IN PRICES OF METALS. 


'(Specially! Compiled from Official Reports of London Metal Markets.) 
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THE LATE MR. PETER COOPER HEWITT. 


WE regret to have to record the death of Mr. Peter 
Cooper Hewitt, the distinguished American scientist 
and inventor, who away in the American 
Hospital at Neuilly, Paris, on Thursday, the 25th 
ultimo, from pneumonia following an operation for 
intestinal trouble. Mr. Hewitt was born ir New York 
on March 5, 1861, so that he was in his 61... year at the 
time of his death. He was educated at the Stevens 
Institute of Technology, Hoboken, and at Columbia 
University, which -university conferred on him the 
honorary degree of Doctor of Science in 1903. ° 

Although he inherited a large fortune from his parents, 
his father, Mr. A. 8. Hewitt, being a former Mayor of 
New York and a Member of Congress, Mr. per 
Hewitt devoted himself very largely to scientific 
research work, in which field he attained an interna- 
tional reputation. In this country, his best-known work 
was in connection with the development of the mercury- 
vapour lamp which bears his name, and the mercury- 
arc rectifier for producing continuous current from an 
alternating-current supply. For the manufacture and 
sale of these appliances he founded, in conjunction with 
Mr. George Westinghouse, the Cooper-Hewitt Electric 
Company, of New York, and the Westinghouse Cooper- 
Hewitt Company, of London, the latter now being 
known as the Hewittic Electric Company, Ltd., of 
80, York, Road, King’s Cross, N.1. Recent develop- 
ments in connection with these rectifiers have enabled 
them to be made for continuous current outputs of 
150 amperes with a single glass bulb, whereas the 
largest size formerly manufactured had an output of 
only 40 amperes. 

Mr. Hewitt’s work was, however, by no means 
confined to mercury-vapour apparatus, but extended to 
fields as diverse as wireless telegraphy and telephony, 
and the electrical welding of steel. He also me A 
numerous experiments in connection with the evolution 
of seaplanes. Many of his discoveries were of con- 
siderable commercial value, and Mr. Hewitt was a 
director of several mining, electrical and railway 
companies. He was a member of the American 
Geographical Society, the Society of Naval Architects 
and Marine Engineers, and the Inventors’ Guild, and was 
also associated with numerous philanthropic societies 
and organisations for the encouragement of the arts. 
Mr. Hewitt had resided in Paris for several years past, 
but paid frequent visits to New York in which city a 
very wide circle of friends will mourn his loss. 





THE ELLISON INDUSTRIAL SWITCHGEAR. 

Tue works of Mr. George Ellison, at Perry Bar, 
Birmingham, were thrown open by the proprietor for 
inspection by a party of guests, on Thursday of last 
week, the object of the visit being to examine the 
various types of industrial switchgear manufactured 
by the firm and to observe the methods of production 
employed. The Ellison switchgear is too well-known 
to need a general description, the interest lying in the 
details which can only adequately dealt with in a 
special article. This, we hope, to be able to publish 
at an early date. Meanwhile, however, we may say 
that the works, which give employment to about 700 
men, comprise a number of excellently-lighted single- 
floor shops, with well-organised stores, mess-room 
accommodation, and all the appurtenances of a modern 
and efficient factory. Manufacturing is carried on, as 
indeed it always has been since the foundation of the 
works about a quarter of a century ago, on “‘ mass- 
production”’ lines, all details being standardised and 
made for stock. The main output of the factory consists 
of totally-enclosed iron-clad units for the control of 
slip-ring and squirrel cage induction motors, circuit 
breakers, crane controllers, &c, The units can be 
built up into complete switchboards, suitable for every 
kind of industrial purpose, and intended to cover the 
field between the ordinary switch and fuse distribution 
board and the elaborate installations of the larger power 
stations. 

The units are supported on cast-iron stands, and 
are bolted together to form a compact, totally en- 
closed, weather proof, and mistake-proof switchboard, 
which will safely withstand the roughest use, The 
circuit breakers are bolted to a chamber of steel plate, 
which contains the isolating switches and busbars, and 
upon which are mounted the nec instruments, 
Interlocking devices prevent the circuit being inad- 
vertantly opened by means of the isolating switches, as 
these cannot be operated unless the circuit is open. 
In addition to mechanical] interlocking where necessary 
the units are also electrically interlocked, to ensure that 
the various operations are performed in correct sequence. 
A feature of all the Ellison gear is the sound mechanical 
design of the various détails, the reproach of “solder 
and sealing-wax”’ having no application to any of its 
features, however trivial they may be, in appearance, 





Tue Instrrotion or Exezcrrican EnGrngers.—At 
a meeting of the Privy Council held at Buckingham Palace 
on Wednesday, the 10th inst., the petition of the Insti- 
tution for a Royal Charter of Incorporation was 

,and'a Royal Charter has been granted. His 
jesty the King has been mae 5 pleased to intimate 
his willingness to become patron of the Institution. 
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THE PYROGRAPH OXY-ACETYLENE CUTTING MACHINE. 
CONSTRUCTED BY THE DAVIS-BOURNONVILLE COMPANY, ENGINEERS, JERSEY CITY, N.WJ., U.S.A. 
Fig. 25. Fig. 26{}} 
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OXY-ACETYLENE CUTTING MACHINES. 
(Concluded from page 311.) 

THE machine we describe in this concluding article | 
is intended mainly for boiler shop use. It is named 
by its makers (the Davis-Bournonville Company, of 
Jersey City, N.J., U.S.A.), the Pyrograph, and is shown 
in Figs. 25 to 30, on the present and opposite pages. 
It is designed for trimming and bevelling to a caulking 
edge, the flanges of boiler heads, fire-boxes, combustion 
chambers, &c. In fact, flanged edges which normally 
would have to be chipped by hand or with pneumatic 
tools, or sawn, can be trimmed off to a clean enough 
edge to satisfy inspection authorities, and require no 
further dressing before caulking. The main principles 
of the machine will be clear from our general drawing, 
Fig. 25, and from the view, Fig. 29, showing a large 
Scotch marine boiler head being trimmed off. 

Tt will be seen to consist of a column and radial arm, 
the latter forming the support for a carriage to which 
is attached a torch. The column is telescopic, the 
vertical movement of 18 in., which regulates the height 
of the arm, being controlled by a ratchet and handle. 
A casting fitted with ball bearings is mounted on the 
column, and to this at its lower end is fixed the radial 
arm. To its upper end is attached a turnbuckle stay 
extending to the outboard end of the arm. The arm 
consists of two tubes held apart by clips, and 12 ft. 
in length. As shown in Fig. 28, a machine of this 
size can conveniently cover a flanged plate 9 ft. in 
diameter, or a semicircular plate of 20 ft. diameter. 
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Fic. 29. Trrmmine THE FLANGED Epcr or THE HEAD or A Scotcn Marrne BoiiEr. 


the machine, if the complete flange cannot be taken in 
one trimming. The machine is also arranged so as to 
be portable and capable of being set down in the centre 
of a large job, when, of course, it has a working range 
up to diameters of 12 ft. 

The torch carriage, in which the chief interest 
of the machine centres, is carried on the arm by four 
rollers, of which the bottom two are capable of vertical 
adjustment so that ease of movement may be secured 
without excess of play. At the top of the carriage is 
mounted a small motor which provides the required 
feed for the torch. The drive from this motor is trans- 
mitted through worm gearing and a vertical spindle 
to a short length of horizontal shaft carried by the 
V-frame fixed to the underside of the carriage. By 
means of a bevel on this shaft the drive is transmitted 
to a vertical spindle terminated at its lower end by a 
friction roller, which bears up against the flange to be 
dressed. This roller is held up to the flange by the 
weight of the torch and holder, pivoted on a pin A, 
Fig. 25. The torch holder is fitted with a rod and 
frame B, at the lower extremity of which are two small 
idler rollers. The flange is gripped between these idlers 
and the friction drive roller previously mentioned, and 
the arm and carriage are thus moved automatically 





to follow the profile of the flange which forms their 
track. 

The part of the apparatus hinged on the pin A 
consists of a compound slide, giving vertical and 
horizontal adjustment to the torch, and needs little 
explanation. The vertical slide, together with the 
vertical adjustment of the arm on the column, covers 
a range which is ample for a large variety of work. 
The torch may be set in the holder to bevel at any 
angle from the vertical to the horizontal, so as to 
secure any desired caulking angle. Variations in 
speed of travel are obtained by changing the worm and 
gear at the motor for others of a different ratio. 
The range varies from | ft. in from 70 seconds to 
90 seconds. The range is not large, of course, as the 
work for which this machine is intended to be used is 
mostly plate work of no very great variety as regards 
thickness. 

The feed of the machine can be instantaneously 
interrupted by lifting up the torch holder hinged on 
the pin A. The driving roller is protected by a fire- 
proof shield which is clearly seen in our view, Fig. 30. 
As in the machines described in our previous articles 
the pre-heating flame is first turned on, and when the 
cutting oxygen isturned on the motor is automatically 
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Fie. 30. Torcu anv CARRIAGE OF THE PYROGRAPH. 


cut in, and the torch commences to move round the 
flange, the arm swinging freely to allow the carriage 
to follow any contour. If the plate is set properly the 
machine will cut a bevelled flange of uniform height 
all round without further adjustments. If a scribed 
line is made the torch can be made to follow it and the 
levelling of the plate need not be so precise. As a rule 
the latter system is generally adopted, as the operator 
in any case follows the torch, and its adjustment to 
follow the line is a simple matter and, on the whole, 
time is saved in the setting. 

We are informed that flanged combustion chamber 
heads of j in. plate and a periphery of 27 ft. can be 
easily trimmed and bevelled to a caulking edge in 
half an hour, exclusive of setting up, which could not 
be approached by chipping or sawing or other machine 
work. The difference on large heads of 16 ft. or so 
diameter, between the pyrograph cutting at the rate 
of, say, 10 in. per minute, and ordinary chipping, or 
the setting and cutting time required for a large machine 
tool for this class of work is very marked indeed. The 
irregularity of the flanged edge is a matter of no 
importance to the Pyrograph and does not affect its 
rate of cutting, whereas with trimming or machine 
work it has a distinct bearing of the time required owing 
to the possible depth of cut being limited. Fig. 29 
shows in the foreground a pile of cuttings taken off 
flanged plates, and it will be at once realised from these 
that cutting time is enormously reduced by the 
apparatus we have described. 

The machine may be used for straight cutting by 
clamping an angle iron to the plate and gripping the 
angle between the rollers. Similarly, any cornice line, 
or regular or irregular opening can be cut by pro- 
viding an angle templet clamped to the plate and used 
to guide the torch. 








CuEemicaL Manure Macurtnery.—A useful publication 
by the Sturtevant Engineering Company, Limited, of 
147, Queen Victoria Street, E.C.4, deals with machinery 
for the manufacture of chemical manures. The first 
chapter deals with the preliminary crushing of phosphates 
and the firm’s rotary crusher is described and illustrated. 
The processes of fine grinding and screening are then 
dealt with, both the process and the machines being 
described. The manufacture of superphosphate is then 
taken up, and of considerable interest in this connection 
is the description of the automatic superphosphate den. 
Weighing, elevating, dust extraction and other auxiliary 
Processes in chemical manure manufacture are also 
covered. The book should be of value to any one 
coneerned with crushing and mixing processes. 





ELECTRIC PROPULSION 
By W. E. Tuav. 


Tus paper will deal primarily with the electric pro- 
pulsion of large ships, and as illustrative of large ship 
drives, a description and some discussion will be given 
of the propelling machinery of the United States 
Tennessee, In order, however, to make certain general 
comparisons helpful to the discussion, it will be necessary 
to introduce to some extent all feasible types of pro- 
pelling equipment. 

It is believed to be generally recognised by those who 
have made a broad study of the situation that the t 
of drive best suited to a given ship depends upon ‘the 
characteristics of the ship, its trade route, and the cargo 
to be carried. These factors are so diversified that no 
unqualified preference can be held for any one type of 
propulsion, or in other words, there is a proper field for 
all principal types of ship drives. 

The following types and arrangement of power drives 
have been applied with more or less success :—1. Direct- 
connected reciprocating engine; 2. Direct-connected 
turbine; 3. Geared turbine; 4. Turbine electric with 
direct-connected motor; 5. Turbine electric with geared 
motor; 6. tInternal-combustion engine, direct-con- 
nected ; 7. tinternal-combustion engine, geared ; 
8. tInternal-combustion engine- or Diesel-electric using 
direct-connected motors. 

The principal objections to the reciprocating engine 
are those incident to its poor economy, and to some 
extent its weight and space factors. This type of 
drive, however, will exist for some time to come, as it 
has obtained a high state of development, and is at 
the present time better understood by the operating 
engineers. It is felt, however, that this condition will 
be greatly overcome as soon as the engineers now under 
training have become acquainted with the newer types 
of drive. 

The development of the direct-connected turbine has 
probably gone as far as can be expected. This type 
of drive is being discarded because of its poor perform- 
ance, as both the propeller and the turbine are operated 
at speeds not adapted to the best operating conditions 
of either. 

There have been numerous applications of the geared 
turbine drive, and although there have m some dis- 
appointments, the general results indicate that the 
geared turbine drive has come to stay and enjoy a field 
of its own. 

The turbine electric drive using direct-connected 
motors is a perfectly logical and applicable type of 
propulsion. Owing to the economy of high-speed 


OF SHIPS.* 





* Read before a Joint Meeting of the American 
Institute of Electrical Engineers and the American 
Society of Mechanical Engineers, New York, January 28, 
1921. 


*Diese Jengines or the equivalent. 


turbines, alternating current is found best suited as 
alternating-current turbo-generators lend themselves 
very readily to high.epesd operation. Two t of 
motors have been proposed and used, namely, the indve- 
tion type and the synchronous type. The synchronous 
motor drive has slight weight and cost advantages over 
the ordinary induction motor drive, for the reason that 
the unity power factor of the synchronous motor permits 
a smaller nerator, and the synchronous motor is 
cheaper to build than the induction motor. On the 
other hand, the induction motor drive has manceuvrin 
advantages as it requires less skill in handling an 
— much better starting torque characteristics. 

he economy of the two types should be about the 
same, 

Turbine electric drive using geared motors will prob- 
ably see very little more development, as the speed 
reduction can be accomplished efficiently with direct 
connected motors without gears. 

The internal-combustion engine, direct-connected to 
the propeller shaft, has been applied with considerable 
success in European countries, and is being given con- 
siderable serious attention at the present time in this 
country. From the fuel consumption standpoint, the 


direct-connected Diesel drive is far superior to any type 
of steam drive, and is certain to enter an era of pros- 
rity. When compared with Diesel electric ive, 


owever, the fuel economy advantages of the direct 
Diesel drive are small and other factors enter which 
show a gain for the Diesel electric over the direct-con- 
nected Diesel, At least, there is little choice from the 
fuel cost standpoint, as the additional weight of the 
direct-connected Diesel over the Diesel electric drive 
causes the net returns to be practically the same, As a 
matter of fact, the additional cargo that can be carried 
by a Diesel electric ship shows to a considerable advantage 
over short trips. The net fuel consumptions of the two 
drives are brought still closer for the reason that the 
direct-connected electric motor can be easily arranged 
for a lower and more efficient propeller speed than is 
usually the case with the direct-connected engine, There 
is a tendency to speed the direct-connected engines up 
in order to decrease weight per shaft horse-power, 
resulting in lower propeller efficiencies. 

The ordinary internal-combustion engine using gears 
will sz see very little more development under 
present conditions, The internal-combustion engine or 
Diesel electric drive yon Sewer presen ory motors offers 
possibilities superior to those of any other type of drive, 
as will be shown in detail later. 

For convenience, ship drives may be classified as 
follows, according to capacity of the propelling equip- 
ment: (1) Ships up to and including 6,000-h.p.; and 
(2) Ships in excess of 6,000-h.p. For drives up to and 
including 6,000-h.p., we might logically have reciprocat- 
ing engine, geared turbine, turbine electric, direct- 
connected Diesel, and Diesel electric types of propul- 
sion. 

For drives in excess of 6,000-h.p., we might have 
geared turbines and turbine electric, At the present 
writing, it is believed that the development of the 
Diesel engine in direct-connected units in excess of 
3,000-h.p. is not perfected. Neither has the develop- 
ment of the high-speed Diesel units for electric drive 
been perfected in sizes which will permit a drive in excess 
of approximately 6,000-h.p. 

Unquestionably, the prime consideration is reliability 
while economy, simplicity, cost weight and space are 
important but secondary considerations. One must 
not be unmindful of the fact that when a ship leaves 
port, it must absolutely rely on its propelling equipment 
to reach its destination, and, therefore, the lives of crew 
and engers as well as the safe transport of the ship 
and its cargo are dependent upon the satisfactory per- 
formance of the propelling machinery. For this reason, 
reliability should not be sacrificed for any other con- 
sideration. Reliability necessitates close adherence to 
rugged and thoroughly proved ap tus which must, 
of necessity, stand more or less abuse without danger 
of failure. The machinery must Maney continuously 
for days and possibly for months without shutting down, 
and must be simple within reason and thoroughly under- 
stood by the operators. Economy, cost, weight, space, 
&c., are important in that they determine the relative 
earning capacity of the ship. 

MERCHANT SHIPS. 

With these general statements in mind, let us consider 
more closely the merits of electric drive first for merchant 
ships, and second, for battleships. As stated above, 
there are two general systems of electric propulsion, 
namely, that in which the prime mover is the steam 
turbine and that in which the prime mover is the Diesel 
engine, With the turbine electric drive, the electrical 
equipment is of the alternating-current type for the 
reason that alternating-current turbo-generators are 
inherently better suited for the high economical speeds 
of turbines. With the Diesel electric drive, the electrical 
equipment is of the direct-current type, because of its 
flexibility, ease of speed control and simple requirements 
of the engine governors. If alternating current were 
used with Diesel electric drive, the engine governors 
would have to be highly refined as it would be necessary 
to operate the generators in parallel; whereas with 
direct current, the generators may be operated in series, 
thus permitting relatively simple engine governors, 
Even with rallel operation of the direct-current 

merators, the governor problem offers no serious 

ifficulty, however, there are other decided advantages 
in favour of the series operation which will be discussed 
later. In the case of the turbine electric drive, the pro- 
peller speed is varied by throttling the turbine, and 
reversal of propellers is effected by reversing the motors 
connections. In the case of the Diesel electric drives, 








the propeller speed is varied any amount from zero to a 
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maximum in either direction, without opening a single 
circuit, by merely adjusting the  egpeswa sd voltage 
by means of a simple field rheostat, the engines always 
operating at constant speed. 

In the turbine electric drive, the motors are direct- 
connected to the propellers, As most ships up to 
6,000-h.p, are of the single-screw type, there is usually 
but one turbo-generator and one motor. The electrical 
characteristics are usually 50 cycles to 60 cycles, 1,100 
volts to 2,200 volts, and polyphase. The control of the 
apparatus is effected from a central control station 
usually located in the engine-room, The switches and 
turbine control valves are controlled by means of 
simple levers, symmetrically arranged and suitably 
interlocked in order to prevent improper operation, 
All necessary gauges ft electrical instruments are 
mounted upon a panel directly in front of the operator, 
so that the performance of the machinery is under his 
observation at all times. 

The turbine is equipped with a speed governor, 
over-speed stop governor and throttle valve. Where 
the throttle valve is not used to regulate the speed, 
some form of ‘‘ power limit stop’’ is necessary to pre- 
vent excessive overloads being imposed on the machinery 
when manceuvring or by other causes. 

In the case of twin-screw ships having two generating 
units, the turbine electric drive possesses the advantage 
of flexibility over direct-connected and geared drives, 
in that the failure of either generating unit will not 
seriously cripple the propelling equipment. Should 
one unit fail, the remaining unit would deliver equal 
power to both propellers to the extent of its full equi- 
valent capacity, thus enabling the ship to make about 
70 per cent, to 75 per cent. of full speed. This is also 
true to a large extent in the case of the’ geared turbine 
drive using cross compound turbines, as the failure of a 
high or low-pressure turbine element would mean the 
loss of only from 40 per cent, to 50 per cent. of the power. 
In the case, however, of complete expansion turbines, 
the failure of one unit would necessitate dragging that 
screw, resulting in a serious retarding effect. Large 
ships invariably have twin, triple or four screws, and 
therefore the flexibility of the electric drive is an 
important advantage. 

For ships up to 6,000-h.p. (the larger sizes having 
twin screws) the Diesel electric type of propulsion 
gocneees marked advantages over all other types. 

Jith this type of drive, any reasonable number of 
generating units may be used, independent of the 
arrangement of the propellers. It is, therefore, possible 
to use a number of relatively small reliable, high-speed 
Diesel engines driving direct-connected direct-current 
generators.* By using a number of the small units, 
the disadvantages of large Diesel engines are obviated. 
Aside from the reliability thus obtained, there is the 
added important advantage of flexibility with regard 
to reserve power, and as will be shown later, this advan- 
tage is possessed in an extreme degree only by the Diesel 
electric drive, 

The electrical apparatus is well understood, thoroughly 
tried out, and there is consequently no question as to 
its reliability. The motors are separately excited at 
constant potential in one direction while the generators 
are supplied with excitation through a reversing field 
rheostat so that any desired voltage may be obtained 
from zero to the maximum in either direction, With 
this arrangement, the speed of the motors is directly 
proportional to the voltage of the generators. There- 
fore, the control is as simple as could possibly be 
desired. 

Series connection of the generators with the motors 
interposed to reduce the ground voltage to a minimum 
has certain advantages over parallel connection of 
generators. For the purpose of discussion, let us assume 
a single-screw drive consisting of six generators and 
a motor consisting of two separate units mounted 
on the same shaft. (Fig. 1.) Electrically, the machines 
would be arranged in series as follows :* Three generators, 
one motor unit, three generators, one motor unit. On 
the basis of 250-volt generators, the maximum ground 
voltage would be 750 volts, although from the standpoint 
of current, the system has all the advantages of a 
1,500-volt circuit. This arrangement of generators 
and motors is independent of the number of either. 
Even with an uneven number of generators in series, 
the motor may be on different screws as in the case 
of a twin-screw drive, and still permit independent 
control of the port and starboard screws. However, 
with the same or opposite rotation of the screws, the 
amount of speed Siicnane obtainable is somewhat 
limited, although wholly within requirements. In this 
case, the speed difference between the propellers is 
obtained by adjusting the motor fields. An even 
number of generators is preferable with twin-screw 
ships, however, as it affords more flexible and more 
positive control. 

The advantages of the series system over the parallel 
system from an engine operating standpoint has already 
been covered. With the serios arrangement, more power 
can be obtained from the remaining generator units in 
case of failure of one or more generator units, without 
providing excess capacity in the motors, The reason 
for this is that each of the remaining generators can be 
operated at normal voltage and the field of the motors 
weakened to increase the propeller speed to a value 
which will load the remaining generator units to their 
full capacity. With parallel operation, it would be 
necessary to lower the voltage of each generator a 





* It is not the intent of this paper to discuss Diesel 
engine, and it is assumed that it is generally recognized 
that Diesel engines having relatively small cylinders and 
operating at reasonably high speeds are thoroughly 
reliable and simple. 





certain amount, thereby operating them at reduced 
capacity ; or else to operate the remaining generators 
at full voltage and provide additional field capacity 
in the motors sm that the speed could be lowered the 
required amount by increasing the motor field. Thus, 
in case of failure of a generator unit, parallel operation 
would either afford slightly less power than series 
operation or would necessitate slightly larger and heavier 
motors. 

The Diesel electric system of ship propulsion pos- 
sesses a flexibility of reserve power in the case of failure 
of prime movers which far surpasses any other type 
of drive. For example, assume a case in which there 
are three generators and one motor. Should one of 
the engines fail, the remaining two units could be 
operated at full capacity, giving two-thirds the total 
voltage and the motor speed in by weakening 
its field to a point where the propeller would require 
two-thirds of full power, with a resulting ship speed of 
approximately 88 per cent. In the case of two engines 
failing, the available speed of the ship would be approxi- 
mately 70 per cent. of full s . And to assume 
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BaTTLesHIPs, 


The requirements of propelling machinery for battle- 
ships differ from those for merchant ships, principally 
in the de of reliability and manoeuvring ability. 
The reliability factor is of considerably greater import- 
ance, and must be made secondary to no other con- 
sideration. The manceuvring ability of a battleship 
is of great importance because of the range of speed 
at which it operates, and the promptnesss and accuracy 
with which it must respond to signals. Certain refine- 
ments are necessary for battleships which are not advis- 
able for merchant ships, but because of the continually 
changing personnel of the former, these should always 
be kept within reasonable simplicity. 

It is not the intent of this paper to compare various 
types of drives for battleships, and therefore only a few 
brief remarks will be made in this connection. The 
advantages of electric drive for battleships, or warships, 
lie particularly in the flexibility of the arrangement of 
the machinery with respect to its protection from tor- 
pedo attack. Secondary advantages lie in the avail- 
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the remote case of all main engines failing, the ship 
could make steerage way on the auxiliary generating 
sets. The multiplicity of units of the Diesel electric 
system affords another advantage of great importance, 
namely, that units can be overhauled at sea without 
entailing any serious loss of speed. 

In the way of a summary, the following table of 
comparison of the various principal drives will be of 
interest. In arriving at the figures given, all items of 
machinery and supplies necessary to the main propelling 
machinery were considered ; foundations, water, fuel, 
&c., were taken into account. However, it was neces- 
sary in some cases to make certain assumptions, but 
an effort was made to place such assumptions on the 
conservative side, so as not to show an exaggerated 
comparison. Further, certain major figures are at 
great variance in practice, and the table is, therefore, 
given as indicative of the trend of this comparison 
rather than actual proportions, The figures for turbine 
electric drive and turbine drive are based on 
the same steam conditions, 

The figures are based on a 3,000-h.p. ship operatin 
over a 4,000-mile course at a speed of 11 knots, po 
making a total of 14 single trips per year. The geared 
turbine ship is taken as unity. Owing to the present 
unsettled conditions, it is hardly possible to make an 
intelligent cost comparison. 

Fuel Con- Machinery 


Drive. sumption. Weight. 
Geared turbine ... r 1-0 1-0 
Turbine electric pee 1-06 1-05 to 1-10 
Direct-connected Diesel 0-49 1-10 to 1-25 
Diesel electricf ... one 0-57 0-75 








t There is a further decrease in fuel consumption with 

Diesel electric drive which has not been taken into 
account in this comparison, namely, that due to lower 
propeller speeds obtainable with low-speed motors. 
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ability of full backing power and flexibility of control. 
Flexibility of control is important, both from the 
standpoint of normal operation, and also emergency 
operation, as in case of a failure of one of the main 
prime movers. Within reason, the machinery can 
be placed where it is best protected from torpedo attack. 
The total floor area oceupied by the propelling machinery 
and its weight might be slightly in excess of a well- 
designed geared turbine drive. However, if the geared 
turbine drive is arranged to be equally well protected 
from attack, it is possible that the slight advantages 
of these two factors would be of very minor considera- 
tion. Unfortunately, there are no comparable geared 
turbine drives in operation or under construction to 
enable a close comparison of these factors to be made. 
Similarly, there are no directly comparable ships having 
geared turbine propelling machinery to enable a com- 
parison to be made of the economy. (In this connection, 
sister ships of the New Mexico having direct-connec 

main turbines and geared cruising turbines have shown 
decided poorer economy under all conditions than the 





New Mexico.) 
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It is safe to say, however, that the difference -in 
economy, if any, would be very little. The geared 
turbine drive might show a slightly better economy 
at full power, whereas the electric would be expected 
to show better economy at the lower powers and 
cruising oe providing equal efforts are made toward 
economy by design and operation. In the case of the 
geared drive, it would be necessary to use all turbines 
(except where cruising turbines are provided) for any 
speed, whereas with the electric drive only a sufficient 
number of generators are operated to supply the power 
required for a given speed. This enables the —e 
equipments of the electric drive to be operated at ful 
power nearly all the time. Furthermore, since the 
motors have two sets of bora mp or the equivalent, 
the generators and turbines can operated at higher 
average speeds over the entire range, resulting in better 
economy. 

There can be no question as to the reliability of 
electrical apparatus as the propulsive power for ships 
of this class. Electrical machinery has been developed 
over a long period of years and has proven extremely 
reliable in all sizes, — i experience with this class 
of aeppeniee will support the statement that it is as 
reliable as any other class of machinery that can be 
installed on ships. 

The experience of the engineer officers who have had 
charge of an electrically-driven battleship, and also of 
battleships having other types of machinery is that 
the electrically-driven ship is more easily controlled 
and affords quicker response to signals than any other 
type of drive. The equipment can be made in such 
a manner that the entire propelling equipment is under 
the control of one operator. In fact, such an arrange- 
ment will be used with the new battleships and battle 
cruisers. In this case, the control will be almost 
entirely electro-pneumatic, and the main operating 
board will resemble the control boards used in the large 
railway switch towers. Any desired rapidity of opera- 
tion within reason can be obtained with the electrical 
equipment, For instance, upon receipt of a signal 
to go full speed astern from full speed ahead, the pro- 
pellers can be made to turn over in the reverse direction 
inside of a period of approximately 10 seconds. 

Also the facility with which electrical energy can be 
measured and indicated, enables the instantaneous con- 
ditions of the propulsive equipment to be observed at 
any time, and therefore enables the operating force to 
detect excessive shaft friction, damaged screws or other 
abnormal operation. The electrical instruments are 
also beneficial in operating the machinery at its maxi- 
mum economy at all times. 

Starting and running requirements under normal sea 
conditions are not severe. If, however, precautions 
are not taken to limit the power, it is possible to impose 
large overloads on the machinery when turning a ship 
or reversing. Fig. 2 shows the manner in which the 
power of the inboard and outboard sides varies when 
making & turn with 35 deg. rudder. The particular 
eurve shown has been interpolated from the curve 
obtained on the battleship New Mexico when making 
19 knots and turning with 35 deg. rudder. It will be 
noted that the power of the generator supplying the 
inboard side increases rapidly during the first 50 sec., 
at which point it reaches the maximum output of the 
turbine. On the other hand, the power delivered 
by the generator supplying the outboard side decreases 
rather rapidly during the first 40 sec., and then begins 
to increase rapidly until a constant value is reached at 
about 90 see. An analysis of the curve shows that the 
inboard side developed an overload of approximately 
45 per cent. when the maximum power of the turbine 
was reached. The outboard side dropped to about 
75 per cent. of normal load at the end of the first 40 sec., 
and then increased to a value corresponding to approxi- 
mately 15 per cent. overload at the end of 90 seconds, 
The total power at the end of 90 seconds corresponds 
to approximately 130 per cent load. 

If such conditions as those mentioned above are not 
guarded against, it would be necessary to carry excessive 
excitation on the generators continuously as the equip- 
ment would have to be ready at all times to meet the 
requirement, This would result in considerably larger 
generators. However, to overcome this condition, 
a form of power-limit stop is provided, the function 
of which is to limit the amount of steam taken by the 
turbine to a predetermined value, which under normal 
operating conditions corresponds to an overload of 
about 10 per cent. The shape of the turning curves 
and the overloads obtained varies with the different 
ships, and it is, therefore, necessary to conduct a series 
of “drop out’’ tests on each ship in order to determine 
the field current that must be carried continuously at 
the different speeds to enable the ship to be manwuvred 
without liabisity of the motors and generators pulling 
apart. 

_ Fig. 3 shows the conditions which exist when revers- 
ing @ battleship at full speed. The relative proportions 
of this curve also depend upon the ship in question, 
but the curve shown can be considered more or less 
typical as showing the backing conditions. In order 
to show the motor torque available for taking care of 
the backing condition, a series of motor speed-torque 
curves have been plotted in Fig. 4. The motor in ques- 
tion is of the wound-rotor type, having adjustable 
external resistance. A few speed-torque curves have 
been drawn for different secondary resistance values, 
but with liquid rheostats, there would be an infinite 
number of such curves as the external resistance thus 
provided varies from a maximum to the short-circuited 
condition of the rotor. With this type of rheostat, 
it is possible to obtain the maximum torque at any 
instant. An inspection of the ship torque curve will 
show that the speed of the propellers drops to approxi- 
mately 75 per cent. when the power is taken off. This 


portion of the curve is represented by the straight line 
to the right. At this point, the motor connections 
are reversed and the motors produce a torque opposing 
the turning effort produced by the motion of the ship 
on the propellers, This reverse motor torque then 
builds up to approximately full-load value at 40 per 
cent, ahead revolutions, and then decreased to approxi- 
mately 35 per cent. when the propellers are brought 
to a standstill. When the speed of the propellers is 
increased from zero revolutions per minute to values as 
low as 40 per cent, full-load revolutions per minute, 
in the backing direction, the torque increases very rapidly, 
attaining at this point a value slightly in excess of 
100 per cent. which is the maximum s that can be 
obtained without exceeding full-load torque of the 
motor. This curve, however, is plotted on the basis 
of the ship maintaining its full lineal speed through 
the water. Under actual conditions, however, the 
ship will slow down considerably in the time taken 
to reach this int, and it will, therefore, be possible 
to obtain a higher rotational speed on the propellers 
in the backing direction than this curve indicates. 

The most vital part of the curve is that at about 
40 per cent. of full-load speed when bringing the pro- 
pellers to a stop condition. In the case of wound- 
rotor motors, this condition presents no difficulty as 
it is possible to obtain torques considerably in excess 
of normal at any speed by simply adjusting the ex- 
ternal resistance. In the case of squirrel-cage motors, 
however, it is necessary to introduce a special design 
so as to obtain a speed-torque curve which will enable 
the motor to deliver torque safely in excess of this 
requirement, and under the conditions of operation 
described. 

Further details of backing and turning conditions 
can be obtained from articles by Commander 8. M. 
Robinson, U.8.N., published in the Journal of the 
American Society of Naval Engineers, from which 
data for the above curves have been taken. All such 
conditions must, of course, be taken into strict account 
in designing and propelling equipment, and it is obvious 
that the turbines, generators, motors, and control 
must be designed as a unit in order that each will have 
characteristics which are sufficient to enable all parts 
of the equipment to function properly under the required 
conditions, 

Description of Apparatus.—The propelling machinery 
of the United States 8. Tennessee consists of four direct- 
connected, two-speed motors supplied with three-phase 
power through suitable control equipment at approxi- 
mately 3,400 volts and 34-6 cycles (full speed) by 
two direct-driven, 2,075 r.p.m. turbo generators. The 
generators are excited from one of the 300-kw., direct- 
current auxiliary sets through a booster set, so designed 
as to vary the 240-volt bus voltage in either direction 
to a value best suited for the given condition. All 
engine-room auxiliaries necessary to the main propul- 
sion such as the main and auxiliary condenser circulat- 
ing and condensate pumps, the lubricating and governor 
oil pumps, the oil cooler circulating pump, and the 
main motor ventilating blowers are driven by direct- 
current motors supplied with power from the same 
generator which is used for supplying the excitation. 
One auxiliary generator in each engine-room is sufficient 
to supply the auxiliary load just mentioned. 

From the maximum speed to a speed slightly in excess 
of 16 knots, two generators are used, and the motors 
are connected to the 24-pole winding; speeds below 
this are obtained with only one generator in use. 
Speeds up to and including 15 knots can be obtained 
with the motors connected to the 36-pole winding. 
The steam operating conditions are 280-lb. gauge at 
the boilers, 250-lb. gauge at the turbine throttle, and a 
vacuum of 28-5 in. of mercury referred to 30-in. baro- 
meter. 

Main Motors.—The main propelling motors are of 
the induction type and are wound for two definite 
speeds at full frequency, there being a 24-pole and a 
36-pole winding. The primary or stator has two inde- 
pendent windings, one for each set of poles. One set 
of slots accommodates both of these windings, there 
being two coil sides of each set of coils placed in the 
slot, one directly above the other. 

The rotor has a three-phase, two-parallel star-con- 
nected winding, having balancer connections operating 
as such on the 24-pole winding. The 24-pole winding 
is connected to three slip rings. The balancer connec- 
tions are connected to points of equal potential in 
such a manner as to form short-circuit paths for the 
rotor conductors when the stator is connected to the 
36-pole winding, thus forming an ordinary squirrel- 
cage winding having straps connecting the rotor con- 
ductors together instead of resistance rings. 

In general, the design of the motors follows standard 
land practise. There are, however, certain features, 
particularly in connection with the insulation of the 
windings that have been given special consideration 
to guard against the deleterious effect of salt and mois- 
ture conditions. The insulation is of the best-known 
material and is applied and treated in accordance 
with thoroughly tried methods. The coils are form- 
wound, and completely insulated before being placed 
in the slots. The insulation of the straight part of 
the coil which is imbedded in the slot consists prin- 
cipally of mica with just sufficient fibrous material 
to serve as a binder. The mica folium and mica plate 
constituting this insulation are applied loosely by 
hand, and the coil then placed in a special machine 
equipped with electrically heated bars which revolve 
under spring pressure, around the wrapper. This 
process softens the bond, and permits the wrapper to 
slide on itself, resulting in an extremely solid and 
compact insulation. After the ironing process is com- 
pleted, the coils are placed in cold presses and pressed 





to the required dimensions, The ends of the coils 





where flexibility is required are insulated principally 
with specially-treated fibrous material. herever 
cotton tape or other material subject to deterioration 
at relatively low temperatures is used, it is for conveni- 
ence of assembly only, and in no case are the insulating 
or mechanical qualities depended upon where there 
is a danger of the neighbouring iron or copper reaching 
a temperature questionable for class insulation. 
The tape constituting the insulation for the ends of 
the coils is given several treatments of insulating varnish 
during the process of winding. This tape is joined 
to the jnsulation of the straight part of the coil with 
specially prepared cement. The outside coverings are 
thoroughly filled with insulating varnish by means of 
several successive treatments; each coating being 
baked on for a long period, resulting in an insulation 
having a coating which is impervious to moisture and 
capable of gegen: J salt deposits and foreign par- 
ticles of dirt, &c., which may eventually find their way 
into the motor. 

The slots are lined with tough paraffined fish paper 
cells in order to protect the insulation of the coil from 
injury during the assembling operations. This cell 
laps over the top coil, forming a protection of the coil 
from injury by the micarta wedges which are driven 
in the teeth of the slots. The individually formed 
coils are separated from each other by micarta spacers 
and any additional space in the slot is filled with micarta 

late, so that there will be no room for coil movement, 

he connectors joining the coil ends are insulated with 
thoroughly treated fibrous tape. 

The bottom layer of stator coils is securely laced to 
a strong insulated steel oe i mae ring which, in turn, 
is supported to the frame by means of bolted brackets, 
Anotar insulated steel ring support is placed between 
the two windings of the stator and held in place by 
means of copper wires which extend around the ring 
and the individual coil ends of both stator windings. 
With this type of construction, all coil extensions are 
grouped into a single mass which is rigidly supported 
from the motor frame, thus preventing coil distortion 
from any cause whatsoever. he rotor coil extensions 
rest firmly upon a wide insulated support, to which 
“ are secured by heavy insulated bands. 

he mechanical construction of the motor is of the 
self-contained t in which the bearings are carried 
by suitable brackets which fit into recesses in the stator 
frame. The entire motor is supported by feet cast 
integral with the frame on either side, The bearin 
housings are readily adjustable radially by means o 
jack screws in the brackets, and after being adjusted 
are bolted rigidly to the bracket. 

The ventilation is supplied by duplicate direct-current 
motor-driven exhaust Gowers, each capable of 12,500 
cub, ft. per minute maximum. In addition to these 
separate blowers, the rotor itself is provided with fan 
vanes which assist in the ventilation and which will 
supply sufficient air to enable the motors to be operated 
for brief periods at full load in case of failure of the 
separate blowers. The separate blowers are mounted 
on the top of the motors, and draw the air thro 
the motor and discharge it through suitable ducts to 
the deck. The system of ventilation consists of the 
axial flow of air through the core and end windings, 
the air being drawn in through openings in the brackets 
and discharged through a radial duct at the middle of 
the core to an outlet at the top of the motor. Each 
motor is capable of delivering a maximum of 8,375-h.p. 
at a speed of about 185 r.p.m. 

The stator is provided with six thermocouples which 
are used in connection with potentiometers mounted 
in the control room for measuring the hot-spot tempera- 
tures of the windings. This device gives actual measure- 
ment of the actual hot-spot temperature and readings 
taken therefrom need no further correction except the 
5 deg. for insulation drop. 

In order to maintain the temperature of the motors 
above that of the:surrounding air when the motors are 
idle, direct-current heaters are provided. These heaters 
consist of a series of tube resistors secured to the motor 
frame and so arranged as not to cause any excessive 
local heating. 

Main Generators.—The main generators are ew] 
and constructed in accordance with standard land 
practice, except that the rotor is of the total enclosed 
type. The stator coils are insulated in substantially 
the same manner as described for the motor coils, 
Each generator is capable of delivering a maximum 
of about 15,000 kv-a. at approximately 36} cycles. 
The air pressure for ventilation is supplied by means 
of blowers secured to each end of the rotor, The air 
is drawn from a duct below the generator through the 
end bells, entering the machine at each end of the rotor. 
From there, it is forced through the end windings, core, 
and air gap axially, and discharged radially through a 
central opening in the core and passes thence through 
a duct to the deck. 

The rotor consists of a solid steel forging having 
radia] slots for receiving the windings. The winding 
consists of a series of turns of bare copper strap, the 
insulation of which consists entirely of mica and as . 
Similar to the motor, the generator is provided with 
thermocouples for measuring the vy + temperatures, 
These thermocouples also connect to the same potentio- 
meter board in the control room. In order. to prevent 
the generator from sweating when idle, steam heating 
coils are provided. These coils are so located as not 
to cause any excessive local heating, and all joints and 
connections to the pipe are made outside of the frame 
of the machine so as to avoid steam leaks into. the 
machine, 

Turbines.—The turbine is of the combined impulse 
and reaction type, allowing complete expansion of the 
steam in one cylinder. Steam from the throttle valve 
and governor valve is admitted to openings in the top 
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and bottom at the centre of the turbine through cohtrol 
valves in the connections to these openings, and thence 
into various nozzle groups. The steam e ds in 
the nozzle and is passed through a set of im blades 
and thence through single-flow, high- reaction 
blading; having passed thro this high-pressure 
reaction blading, the steam divides, one-half continues 
through the low-pressure blading on the same end of 
the turbine, and the other half flows through an over- 
head connecting pipe to the low-pressure reaction 
blading on the other end of the turbine. An exhaust 
connection is provided at each end of the turbine. The 
number of hand nozzle control valves to be opened 
at one end depends upon the load and varies from one 
to three valves. The s , of course, is regulated 
by the governor valve only, the use of the hand valves 
being merely to obtain the best economy and to prevent 
oringlins of the boilers at the various standard 
speeds. The turbine is coupled to the generator by means 
of a pin-type flexible coupling. 

The glands for preventing leaka, 
shaft are of the combined steam an 
The water gland is designed to seal effectively at all 

from and above half-speed. Below half-speed, 

steam seal gland is used. The steam pressure is 

regulated by a reducing valve in the pipe line to the 

glands. The water for sealing is supplied by a small 

connection from the feed line. The water and steam 

for gland sealing is controlled by special automatic 
gland control valves. 

Briefly, the principal speed-control system consists 
of a governor driven directly from the turbine shaft 
thro suitable gearing. The governor, which is 
capable of holding a practically constant speed at any 
speed from about 25 per cent. to the maximum, is 
essentially a dead weight governor in which the dead 
weight is replaced by an hydraulic piston, resulting in a 
type of governor capable of functioning over a wide 
range of s by varying the hydraulic pressure on the 
piston. The speed is adjusted hydraulically by means 
of a control valve in the main control room which 
—- the oil pressure. A double-seated poppet 
valve located on the main steam inlet to the turbine 
is controlled through a floating lever oil pr e relay 


along the rotor 
water-sealed type. 


operating levers are arranged so that the operator faces 
forward. All operations for the control of the ship 
are effected in this control room except the actual 
starting of the turbines. The circuit breakers for 
handling the main circuits of the propelling machinery 
are of the oil-break type, of sufficient capacity to open 
the circuits safely under full power and voltage condi- 
tions, although in normal operation the circuit breakers 
are never opened or closed while the circuits are alive, 
suitable interlocks being provided to guard against 
improper operation. All primary breakers are arran 
in two rows athwart ship having an aisle between them 
through which the breakers may be inspected and 
removed, if necessary. Secondary short-circuiting 
breakers and the liquid rheostats for controlling the 
motor secondaries are located back of the operating aisle. 
The circuit breakers are designed with special refer- 
ence to ease of operating, having wedge-shaped contacts 
of the multiple finger type. The circuit breakers are 
operated in pairs from single-control levers. In order 
to kill any particular circuit completely, self-contained 
disconnecting devices have been provided on the reverser 
breakers, generator breakers and tie breakers, The 
breaker mechanism is so arranged that the breaker must 
be opened before it is possible to disengage the dis- 
connecting device. This provision safeguards against 
danger to the men in case of improper or faulty opera- 
tion, The inspection or repair of the circuit breaker 
or circuits of any one or two motors at a time is thus 
facilitated, and can be executed while the ship is under 


way. 

‘The levers for operating the circuit breakers and the 
liquid rheostat valves are arranged in a single row 
directly aft of the circuit breaker structure. Al] instru- 
ments and gauges for indicating the performance of the 
machinery are located on control panels secured to the 
circuit breaker structure directly in front of the opera- 
tors. The levers are arranged symmetrically so that 
those on the left of the central position operate the 
circuit breakers in the after generator and port motor 
circuits, while those on the right of the central position 
operate the circuit breakers which control the circuits 
of the forward generator and starboard motors, The 





- from the main governor, and this valve controls 
the amount of steam required to maintain the speed 
for which the system is set. The governor control 
valve is also operated through a suitable oil pressure 
relay by a separate over-speed governor secured to 
the end of the turbine shaft. In addition, this over- 
speed governor also operates the main throttle valve 
in case of necessity. 

In order to limit the power input to the turbine on 
overload conditions to an amount which will prevent 
excessive overloads on the machinery, and also prevent 
| emg of the boilers, a power-limit stop is provided. 

his power-limit stop is arranged to limit the travel 
of the governor linkage in the direction which admits 
more steam, as mentioned above. The position of 
the ~~ A. adjusted electrically from the main control 
room ugh a system of gearing operated by a small 
motor. In order that the operator may know the 
position of the power-limit stop at any instant, an 
electrical position indicating system is provided, the 
transmitter of which is driven py spur gearing from the 
power limit stop mechanism. The indicator is mounted 
on the main control board in the control room under 
the direct observation of the operator. 

In operation, this system functions as follows : The 
speed of the ship is set from the control room for any 
given standard b of the hydraulic speed-control 
8 m. The power-limit stop is then adjusted to limit 

motor speed to a few revolutions above that corres- 
ponding to the standard speed. Should an overload 
occur from turning or from any other cause, the speed- 
control governor will tend to maintain a constant 
speed by admitting more steam. However, as the 
governor linkage has only an additional limit of travel 
corresponding to the few revolutions increase in motor 
speed, the steam which can be admitted to the turbine 
is limited, and consequently the overload has a fixed 
value for any given condition. 

The power-limit stop may also be used for adjusting 
the speed of the turbine below any value for which the 
main speed governor system is set, and it accompanies 
this in a similar manner to throttling. Since the speed 
is a function of the oii pressure, oil gauges mounted in 
the control room give a further check on the proper 
functioning of the entire turbine control system. The 
over-speed stop may be operated direct from the over- 

governor, hand trip in the engine room, or by 
wire pull from the control room. 

The turbine and generator bearings are lubricated by 
means of forced lubrication through a system of delivery 
and return pipes. Oil for the governor control system 
is also supplied from the same system. The oil is 
delivered to the governor system at 80-lb. pressure 
and to the bearings at 5-lb to 10-lb. pressure through 
@ reducing valve or other suitable means. The oil 

iroulating this il are of the positive dis- 

placement rotary type. Two m are provided 
in each engine-room, one of which is motor-driven and 
the other turbine-driven, the turbine-driven pump 
standing by as a spare. Normally, the eetendeienn 
p is used. However, upon failure of the motor- 
ven pump from any cause, an arrangement of pistons 
° ted by the oil pressure will automatically cause 

turbine-driven pump to be placed in operation. 

Main Control.—As in the case of any other drive, 

the control for the electric drive such as is installed 








pumps for cir 


on Tennessee is operated under orders from the 
bridge 


All controlling apparatus necessary for the 
operation of the main propelling hinery is located 
at a central place known as the control room and the 








ting rods and bell cranks between the levers 
and the circuit breaker mechanism are located beneath 
the false floor which forms the operating platform. 

The pedestals on which the turbine control valves 
mentioned above are located, and also the levers for 
eres the generator field switches, are located in 
the centre of the lever group. Suitable mechanical 
interlocks of the crotch and rod types are provided 
so as to prevent improper operation of the switch levers, 
All interlocking is so arran; that the field must be 
off and the steam control uced to a low value before 
any of the operating or set-up breakers can be operated. 
This interlocking also necessitates proper sequence of 
operation in either starting or ping, the broad purpose 
of which is to safeguard the machinery. 

The arrangement of the control is such that either 
side of the ship can be operated independently of the 
other side when two generators are in use. With the 
tie breakers closed and either generator in operation, 
the port and starboard propellers may be operated in 
the same or opposite directions as desired, but at the 
same 8 . 

All starting and manceuvring is done on the 24-pole 
winding. When the motors are connected on the 
24-pole winding, the secondaries are controlled by means 
of liquid rheostats. There is one double rheostat for 
port motors and one for starboard motors. The rheostat 
consists essentially of a two-compartment tank, the 
lower compartment of which serves as a reservoir for 
the electrolyte and also as a container for the cooling 
coils, while the upper compartment contains the elect- 
rodes which are of the plate type. When it is desired 
to use a rheostat, the valve in the upper compartment 
operated from the control stand by means of a lever, 
is closed, thus allowing the liquid to rise in the upper 
compartment. (The liquid is being continually circu- 
la through the upper compartment at a low level 
by means of motor-driven pumps.) The rate at which 
the liquid rises depends upon the setting of the regulat- 
ing valve located in the delivery pipe of the pump. 
This valve can be adjusted to suit the desired operating 
condition. After the liquid rises to its maximum level, 
it overflows to the bottom compartment. After the 
maximum level has been reached, the motor secondary 
is completely short-circuited by means of an oil circuit 
breaker which is operated by a lever from the control 
stand. The electrolyte consists of a solution of ordinary 
sodium carbonate. 

In order to transmit the power from the generators 
to the control-room circuit breakers, and from there 
to the motors, three-conductor lead-covered cables are 
used, each cable containing all three phases, there 
being a sufficient number of these cables in parallel 
to take care of the total power. The cable ends are 
provided with pot heads forming water-tight seals from 
which the respective conductors are brought out and 
connected to very substantial and well-insulated bus 
structures located over the switches in the control 
room, and at the motors and generators in the motor 
rooms and engine rooms respectively. 

The excitation for the main generators and power 
for the auxiliaries necessary to the propelling equipment 
is supplied from one of the 300-kw. sets in each engine 
room, as stated above. Connections of these circuits 
to the 300-kw. sets are made ahead of the carbon circuit 
breakers in order that an interruption by means of the 
circuit breakers will not shut power off the exciting 
circuits or the auxiliaries. The engine-room auxiliaries 
and the motor ventilating blowers are provided with 
ordinary starting devices having individual circuit 
breaker protection. 








CATALOGUES. 

Electrical Starting Gear.—T he City Electrical Company, 
Limited, 1, Emerald-street, Holborn, London, W.C.1, 
send us a catalogue of electric motor starters including 
inching and s -regulating types. 

Steam Separator.—An interceptor for freeing exhaust 
steam from oil, water, or other impurities is described 
in a catalogue received from the North-Eastern Marine 
Engineering Company, Limited, Wallsend-on-T yne. 


Marine Feed Water Heaters,—The Griscom-Russel 
Company, 90, West-street, New York, send us a new 
edition of their catalogue of marine feed water heaters 
showing the essential details of construction and con- 
taining tables of dimensions and capacity. 


Gear Cutting Machines.—A catalogue, including 
several illustrations of the Sunderland gear-planing 
machine and its work, with many letters from leading 
engineering firms, testifying to its accuracy and high 
productive power, comes from the makers, Messrs. 
J. Parkinson and Son, Shipley, 


Cranes.—The Industrial Works Company, of Bay City, 
Michigan, U.8.A., send us a copy of their general catalogue 
of cranes—a very handsome volume of 96 pages. The 
cranes dealt with include various portable types for 
railway, dock and building work, and also some powerful 
locomotive cranes for railway breakdown work. 


Small Oil Engines.—Messrs. Petters, Limited, Yeovil, 
send a new catalogue of their oil engines up to 8 b.h.p., 
referring mainly to complete sets for electric current 
generation, pumping, air compressing, hoisting, marine 
= and many kinds of farm and outdoor work. 

th fixed and portable types are made and in all cases 
the complete set is on one baseplate or truck. 


Submersible Electric Pumps.—We have received 
a catalogue of electrically-driven pumps for use under 
water in salvage, mining, irrigation and similar work 
from Mr. T. L. Reed Cooper, 11, Tothill-street, London, 
8.W.1. These pumps are also suitable for chemical 
works and other places where corrosive or inflammable 
gases are present. Their construction was illustrated 
and described on page 274 of ENGINEERING, vol. cx. 


Coal Treatment.—The pro made in washing, 
crushing and storing coal is indicated in a special cata- 
logue of machinery, &c., for these purposes, issued by 
Messrs. Simon-Carves, Limited, 20, Mount-street, Man- 
chester, who have supplied numerous plants for use at 
home and abroad. Slack is washed to separate the coal 
particles from the earthy and stony matter at the rate 
of 40 tons to 150 tons per hour, and the processes employed 
are suitable for both ordinary commercial coal and coke- 
oven material. 


Deck Machinery.—A new catalogue of ship deck 
machinery, including cargo winches, windlasses and 
capstans, driven either electrically or by steam, comes 
from Messrs. John H. Wilson and Co., Limited, Birken- 
head. A sufficiently wide range of powers for cargo 
and passenger ships is made in standard sizes, and some 
illustrations of very powerful warping capstans for large 
ships are included. One illustration shows a windlass 
giving a direct pull on the warping ends of 35 tons at 
60 ft. per minute, combined with a capstan giving a pull 
of 15 tons at 300 ft. per minute. 


Concrete Pipes.—The Stanton Ironworks Company, 
Limited, Nottingham, are producing pipes made of 
reinforced concrete in five classes suitable for working 
pressures of 10 lb. per square inch to 100 lb. per square 
inch. Each class is made with internal diameters 
ranging from 4 in. to 60 in. It is stated that under 
excessive pressure these pipes are not liable to burst, as 
they are capable of expanding and allowing the excess 
pressure to escape by percolation, becoming tight again 
when the pressure is reduced. The necessary joints and 
branches are also supplied, and the catalogue describes 
the process of manufacture and methods of fitting. 


Colliery Dusting Machine.—A catalogue containing an 
illustrated description of a machine for reducing the 
roportion of coal dust in the air in mine workings comes 
rom Messrs. Oldham and Son, Limited, Denton, Man- 
chester. The machine blows a cloud of dry stone dust 
into the air of the working gallery and the effect of this is 
that the explosive particles adhere to the stone particles 
and are carried down. The stone used is preferably 
shale. The machine is drawn by a pony, or otherwise 
propelled at a speed of 14 miles per hour, and the blowing 
apparatus is operated from the truck axles. Where 
explosive material formed 55 per cent. to 62 per cent. 
of the floating dust two trips of the machine reduced the 
proportion to under 50 per cent. ; and five trips reduced 
it to under 34 per cent. 


Steam Turbines for Paper Mills.—The coal consumed 
in a mil] making paper from esparto grass was found to 
average 2-6 tons per ton of paper produced with recipro- 
— engines, but this figure has been reduced to 1-6 
tons by introducing the latest type of steam turbine. 
The steam is used partly for driving power and partly 
for heating, and the economy results from generating 
high pressure superheated steam only and drawing 
the heating steam from the turbines at the low pressures 
required. The system is very clearly explained in & 
special catalogue issued by Messrs. C. A. Parsons and Co., 
Limited, Newcastle-on-Tyne, in which several] illustra- 
tions of special plant are shown. In each case the 
design is made to suit the whole requirements of the mill, 
provision being made for using the surplus low-pressure 
steam. The catalogue deals specially with paper mills, 
but it serves to emphasise the necessity in all cases 
for designing the power plant to suit all the conditions 
of fuel and water supply in providing power, heat, &c. 





SEPT. 2, 1921.] 


ENGINEERING. 





361 








“ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTBAOTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 
Peart ses ore te Section Broce, SS 


here from abroad, the Names, &c., 
of the communicators are given in italics. 

ions may be obtained at the Patent Office, Sales 

Buildings, Chancery-iane, W.C., at 


the uniform price of 1s. 
The date the advertisement the acceptance Complete 
‘i Ry oy enh OF 7 AB 
sealed, when the word 


| 


Patenton'any of the grounds ment: 


ELECTRICAL APPARATUS. 


164,100. S. Moehl, London. Masts for Wireless Tele- 
Le ny (1 Fig.) February 27, 1920.—An aerial mast for 
wireless telegraphy comprises a self-supporting tower a of great 














VETO, 


height, connected at or near the top by a universal joint to a 
slender column ¢ which is anchored as shown by means of 
stays d attached to the ground. (Accepted June 15, 1921.) 


164,946. A. E. Ryeland, London, and C. Ferguson, 
London. Bonding Metallic Tubing. (3 Figs.) May 12, 
1920.—To give the required continuity to allow the metallic 
tubing used in electrical wiring installations to be earthed satis- 
factorily, bonding means are employed and, according to this 
invention, comprise a strip of metal 5 having clips 6, 7, one 





atteach-end, to be secured to adjacent sections of the tubing 1, 2. 
The metal strip may be unitary as shown in the left-hand figure, 
or formed in two parts 10, 11, secured together as shown in the 
central figure. For bonding three or more tubes, the clips 15, 
16, 17 are each integral with a strip 18, 19 or 20, as shown in 
the right-hand figure. The strips 18, 19, 20 are connected with 
a bridge ber 23. (Accepted June 29, 1921.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


165,146. EE. Cottrill, Hurst, Ashton-under-Lyne. and 
R. Rhodes, Werneth. Oldham. Internal-Comb n 
Engines. (4 Figs.) February 20, 1920.—In apparatus, according 
tot invention, for removing deposit, pitting or scoring from, 
and trueing the faces of, the valves of internal-combustion engines, 
the tool 11 is pivoted at or towards one end and is adjustable 
about the pivot 12 by means of a screw 12a, which also serves as 


























an abutment for taking the thrust in use. The tool 11 and screw 
12a are mounted in or on an inclined extension or lug 2b provided 
at one end of the frame or holder 2. In operation, the stem of the 
valve 13 is mounted in the bearings 3, 5, and 4, 6, and the tool 11 
adjusted to the inclination of the valve face. On the valve 
being rotated and having pressure applied to it axially, the face 
of the valve is rotated in contact with the tool 11 and is skimmed, 
scraped and trued up. (Accepted July 6, 1921.) 
165,154. The Underfeed Stoker Com Limi 
London, and S. McEwen, London. ing ‘Fuels. 
(2 Figs.) March 13, 1920.—By the present a & low- 
temperature carbonisation is conducted in a grinding mill or 
pulveriser which is heated internally by the combustion of 
within the mill, the proportion of air used for the comb Dn 


the of combustion. A suitable mill is a tube mill a 
Fy be yy et Be - its 


trunnion at one end and a gas-offtake ¢ communicating its 
hollow trunnion at the other end. Gas, which may advantageously 
be some of that produced by the carbonisation, is fed to the 








burner 6 through pipe d and air through pipe ¢. The fuel is 
fed from eof worm conveyor g into the — end of 
the mill. carbonised material is discharged through the 
slots hinto the substantially airtight stationary ring i. ( Accepted 
July 6, 1921.) 

163,880. E. P. Lewns, London. Internal-Combustion 
En . (1 Fig.) April 10, 1920.—In an internal-combustion 
en, of the type in which a compressor piston G is mounted 
on the rod of the working piston E and compresses air for use in 
the working cylinder, the working cylinder A is double- 
and has separate admission and exhaust ports C, Cl, D, Di for 








each end of the cylinder. Passages M, Ml place the com- 
ayo cylinder in communication with the admission i 

, Cl, res ively. The piston rod F is slotted at O and extends 
beyond crankshaft, a pair of return connecting rods P, one 
on each side of the piston rod, transmitting the motion of the 
piston rod to the crankshaft N. (Sealed.) 

163,749. TT. W. Paterson, Liverpool. Sleeve-Valve 
Mechanism. (1 Fig.) January 23, 1920.—In a four-stroke 
engine yO rotary sleeve valve between stationary outer 
and inner c ders 4, 3, the inner cylinder 3 is spigotted into 
the outer cylinder 4 at the head and spaced therefrom at the foot 
by a coned ring 12, which bears against a coned surface 11 on the 
valve, means be! provided for taking up wear. The drawing 
shows a sleeve valve 2 arran; between the outer cylinder 4 
and the inner cylinder 3. The inner cylinder 3 is fo integral 
with the cylinder cap 5 so that they may be removed as a whole, 
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and the inner cylinder is s ted into the outer cylinder so that 
the inner and outer cyte ers are perfectly concentric. The 
sleeve valve is held against upward longitudinal movement 
by the ball race 10, and its lower part is provided with a coned 
shoulder 11 which engages wi a complementarily-shaped 
bearing ring 12 fitted in the top of the crank casing 13 and the 
lower part of the outer cylinder. The _— reaction set up 
on the shoulder 11 from the bearing ring 12, when any side thrust 
is thrown against the sleeve valve, is by this means met by the 
ball races, and in this way the sleeve valve is rigidly supported 





being such that there is no appreciable proportion of oxygen in 


against any sidewise movement tending to set up knocking. 
( -) 





LIFTING AND HAULING APPLIANCES. 
163,912. Bell Brothers, 


M. R. Kirby, Durham Ci, (Fie) a 19 
1080 —tn a haniage dlip, to provi a aimpi eae c ricans : 
lor cou ubs, wagons a rope, @ a 
alee my cope is coceed tea ant 6 ~¥ tub and 
having a hinged arm ¢ provided with a | stop ¢, the rod d 
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aging opposite sides of the end of the tub when the 
into its operative position to kink the rope. A 
projection g on the arm c engages an inclined way which 

up the arm, releasing the stop e and allowing the fork to turn 
to release the rope. The ends of the fork are turned over in 
opposite directions. (Sealed.) 


MINING, METALLURGY AND METAL WORKING. 
J. Twaddle, ww. Ingot Moulds. (1 +) 
March 4, 1920.—In some of ingot Ny 
removal of the ingot is facilitated by the use of a plug 

and having a 


through the bottom of the mould 
termina’ in a cylindrical shank equal in diameter to the 
iameter of the head. To prevent the plug 3 or 5 


minimum 
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and stop ¢ en 
fork is turn 
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falling out of the mould, its shank has, according to this inven- 
tion, a projection 4 or nut 7 thereon. The plug may be 

firmly in ition by means of a wedge 8 inserted Letwoen 
mould an a or nut. The wedge 8 is slotted at 9 
to receive the ug 5, and has an inclined face 10, so that when 
the wedge 8 is displaced the plug 5 can be driven into ithe 
mould, (Sealed.) 


MOTOR ROAD VEHICLES. 


163,804. T. Cooper, King’s Lynn. Friction Clutches. 
(1 Fig.) February 25, 1920.—In plate clutches the dri discs 3 
and driven discs 5 are kept out of rubbing contact when the 
clutch is disengaged, as shown in the upper half of the figure, 


77 jaw 











(4 137) 








by spring d plungers 7, ted in the boss]2 and 4, 
and eng: g and acting on inclined surfaces or grooves 6 on 
pecinesy or bore of the two sets of discs. The presser plate 8, 

ack plate 9 and discs 3, 5, are tapered, the grooves being formed 
in the wider edges of the discs. ‘ealed.) 


164,078. H. Edmunds, Brighton, and A. M. Banister, 
F. A. Grimes, P. J. McCarty, and R. D. H. ’ 





Brighton, and The B. M. R. pany, ’ 
Transmission Gear. (7 Figs.) er 81, 1920.—In 
of the kind in which co-axial dri and driven sh 


afts carry 
friction discs, one of which is slidable on its shaft, while two 
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° transmitting discs are arr at to the 

— and driven , the Cfanemiting a by 
hel springs arranged in hubs, or hu e of the 
discs, by screws, which act the discs directly or adjust the 


’ on 
spring abutment. In the construction 





mitting discs 13, 14 are forced into engagement by 
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in a gear 
The adjustable spring abutment is formed 
The disc is 
(Accepted 


contained in extensions, which turn in ball heorings 
frame or casing 3. 

by a screw 20 acting through a thrust bearing. 
withdrawn by a lever acting on the shoulder z. 
June 15, 1921.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


163,224. G. and J. Weir, Limited, Cathcart, Glasgow, 
and C. R. Lang, Cathcart, Glasgow. Condensers. (2 Figs.) 
June 23, 1920.—In apparatus for condensing steam and heating 
feed water comprising a main condenser a, a steam jet air ejector b 
for withdrawing the air from the condenser a and a combination 








surface feed heater and condenser w, which are combined with a 
two-stage ejector having a condenser between the stages, the 
interstage condenser 2 is formed in the feed-heater portion w 
of the combination surface feed heater and condenser by a 
Peonea which divides the steam space into two chambers g, y. 
Se 


162,913. Galloways, Limited, Manchester, and R. J. 
Smith, Urmston. ater-Tube Boilers. (2 Figs.) May 1, 
1920.—In a water-tube boiler having a lower water drum 
containing the furnace, an upper steam and water drum A, 
and water tubes E connecting the drums and passing through an 
intermediately-arranged combustion chamber, a superheater L 











(1629/3) 


is placed between the outer row of water tubes E and the boiler 
casing. The superheater is of a two-element gridiron type, 
the coils of each element being of semi-circular form. The 
baffle plate H has a dome-shaped central portion. The inner 
portion of the dome is made removable for cleaning purposes 
and of such diameter that it can be withdrawn through the central 
uptake in the upper drum. (Sealed.) 


162,892. E. J. Mercer, Flixton, and Royles, Limited, 
Manchester. Turbines. (5 Figs.) March 27, 1920.—A 
turbine with tangential inlet and central exhaust, which with 
reversed flow may be used as a centrifugal pump, comprises two 
discs a, ) carrying relatively-inclined blades al, 61, which direct 
the steam in a zig-zag path from blade to blade towards the 


central exhaust. The discs a, b are clamped between two rigid 
plates c, d, fixedly connected to the spindle e. The two sides 
g, & of the rotor casing are spaced apart by means of a cylindrical 
body j, the inner circumference of which just clears the blades 
ai, bl. The width of the body part j, together with the necessary 
packing, is just sufficient to cause the. side covers g, A to clear 
the sides of the blades a!, b1. (Sealed.) 


163,864. Stewarts and Lloyds, Limited, Glasgow, and 
T. D. Watson, Coatbridge. uperheater Element Heads. 
(7 Figs.) March 24, 1920.—In the manufacture of what are 
known as spear heads for connecting the tubes 15 of super- 
heater clements, each spear head is formed from a single length 
of tubing by closing and shaping one end of the tube and 


| forming a division 11 across the other. The operation is carried 
| out in stages, the first consistmmg in reducing or pointing one 
,end 8 of the tube, the second in closing and shaping the reduced 
| end, the third in pressing or flattening the partially-completed 
head to a predetermined width, and the fourth in pressing 








together opposite portions of the wall at the open end of the 
head so as to form the division. A fifth stage may be necessary 
to remove superfluous metal, whilst a sixth stage consists in 
chamfering, or recessing, the tubular ends 14 of the spear head 
in preparation for welding to the tubes 15. (Sealed.) 


162,749. Ruston and Hornsby, Limited, Lincoln, and 
J. Cunningham, Lincoln. Steam Generators. (3 Figs.) 
January 30, 1920.—This patent refers to steam generators of the 
type in which a horizontal barrel is combined with a vertical 
end section surrounding the fire-box, and in which a tubular 
horizontal barrel is combined with a vertical fire-box shell dis- 
posed between the ends of the horizontal barrel and surroun- 
ding the inner fire-box, to constitute a steam generator shell of 
T-formation. The novel feature of this design consists in 
constituting the T-shaped generator shell of either one or 
two plates which, when in a heated condition, is or are — to 
the required form and connected together at the adjacent or 
abutting edges. The heated plate is placed between dies which 
act upon it at the corner portions }, c, d, and e and simultaneously 
shape each of the portions f and g to a semi-circular configuration 


























in cross-section, to form subsequently the fire-box shell, and also 
shape partly the portions at h, i,j and k to conform to the final 
shape of the lower part of the barrel. The edges of the plate thus 
pressed, are then trimmed, and the plate is reheated and pressed 
again to complete the cylindrical configuration of the barrel by 
ressure applied about a line parallel to the central line l-m. 
e trimmed edges of the portions at j and & then lie closely 
| adjacent, or abut against, those of the portions at A and é respec- 
| tively, and the trimmed edges at n and o of the portion f lie closely 
| adjacent, or abut against, the edges p and q of the similarly-shaped 
| portion g, to complete the vertical fire-box shell. The adjacent 
| edges are then welded together and strengthened by riveting 
straps s over the seams. (Sealed.) 


163,782. J.B. Catterall, London. Liquid-Fuel Burners. 
|(1 Fig.) February 23, 1920.—In order to ensure complete com- 
| bustion of heavy fuels, a combustible gas, which may be vaporised 
| liquid fuel, is delivered to the burner co-axially with the oil and air, 
| the air supply nozzle being set back from the open ends of the 
| other nozzles. Means are provided to permit of the combustion 

of either or both fuels. Liquid fuel, air and gas are, respectively, 
| 
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introduced through the co-axial conduits 16, 10, 29. The air 
supply nozzle 14 is set back from the other nozzles 22,28. The con- 
duit 16 may be adjusted longitudinally of its axis by the move- 
ment of the screw 19 and the connecting-piece 18. Gas may be 
used for starting up the furnace, or other apparatus to be heated 
by the burner, and the supply subsequently shut off or reduced. 


(Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


161,360. Sir W. G. Armstrong, Whitworth and Co., 
Limited, Newcastle-upon-Tyne, and S. W. Fuidge, New- 
castle-upon-Tyne. Side Scuttles. (5 Figs.) January 27, 
1920.—In a side scuttle for passenger vessels of the type in which 
the glass holder is capable of a movement about a hinge, and also 





of a movement at right angles to the plane of the frame, there 





is provided, according to this invention, a frame 1 having an 
inwardly-projecting spigot 3, through which are formed ventilat- 
ing holes 4 and the glass holder 6 has a sleeve 7 which surrounds 
the spigot 3. At four points of the glass-holder 6 are pro- 
jections 9, which are fitted with rollers 10. These rollers engage 
in cam slots 11 cut in racks 12 working in guides 13 on either 
side of the frame 1. Pinions 14, meshing with the racks 12, are 
fitted to a spindle 15. Handles 17 are provided on the pinions 
for operating them. Hinge brackets 18 are cast with the frame 1, 
the hinge pin 19 engaging in slots 20 cut in the hinge lugs 21 of 
the glass-holder 6. To assist alignment, a roller 22 is fitted to 





























the hinge spindle 19, and bears on a prepared face 23 on the 
glass-holder 6. To open the scuttle, the handles 17 of the 
pinions 14 are partly revolved upwards, causing the racks 12 
to move downwards in their guides 13. The cam slots 11, being 
integral with the racks, also move downwards. The projections 
9, or rollers 10, engaging with the cam slots move the glass-holder 
in a direction to uncover the ventilating holes 4 in the spigot 3 of 
the frame 1. On further movement of the handles 17, the racks 
12 continue to move downwards and the projections 9, or rollers 
10, come clear of the cam slots 11, allowing the glass-holder to 
be turned upward about its hinge. (Sealed.) 


TEXTILE MACHINERY. 


163 ,858. Sir Ernest Jardine, Nottingham, and E. 
Watchorn, West Bridgford. Twist-Lace,Machines. (3 Figs.) 
March 20, 1920.—To reduce the wear on the moving parts which 
is set up by the action of the point bar dipping cams D, each 
cam plunger A is provided with a casing B in which the anti- 


friction roller C is mounted, and the exterior bearing surfaces 
of the plunger casing are cylindrical and concentric with the 
plunger A. These surfaces work in conjunction with similarly- 
shaped surfaces of dependent guide brackets G, Gl. (Accepted 
June 8, 1921.) 


165,155. T. A. Montgomery, Armagh, P. Byrne, Gillis, 
Armagh, and R. J. MacDonald, Gillis, Armagh. Picking 
Mechanism. (4 Figs.) March 15, 1920.—The object of this 
invention is to provide a simple and reliable construction of picking 
mechanism which is easy to start, gives a uniform pick and re- 
quires little power to complete each pick. The shoe or rocker al 














on the lower end of the picking stick socket a, is accommodated 
in an open-topped box or cradle 1 fixed to the rocking rail of the 
loom. The bottom of the box forms a level bearing surface 62 
on which the curved bottom al of the socket a rests. The picking 
stick d is operated by the picking stick lever f, through the usual 
strap g and quadrant h, against the action of a spring. (Accepted 
July 6, 1921.) 





